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ABSTRACT 
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exercises for specific purposes, use them in teaching situations; (2) 
design one's own exercises; and (3) evaluate games, simulations, and 
case studies. Part 2 consists of a comprehensive collection of data 
sheets arranged alphabetically in four separate sections, which 
contain physics-based, chemistry-based, and biology-based exercises, 
and exercises with some science/technology content. Each entry ' „ 
includes title, author, price, exercise type, educational aims, time 
required, and a discussion of the exercise. (Author/JN) 
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Foreword 



Because the authors work in the United Kingdom, this book is largely 
based on the British educational system. Everything in the book is, 
however, equally applicable to the educational systems of other English- 
speaking countries, particularly the United States, Canada, Australia and 
New Zealand. For the benefit of non-British readers, however, Jt might. . . , 
be useful to explain a number of 'local' terms which occur frequently and 
which may be unfamiliar. 

First, the terms primary, secondary and tertiary as applied to the 
British educational system. In Britain, all children attend school from the 
age of 5 to 16, spending the first six or seven years in primary schools and 
the remainder in secondary schools, where they can, if they wish, stay on 
until they are 18 or so. All education after the secondary school stage is 
described as tertiary education, so that the tertiary sector includes all 
further education colleges, technical colleges, teacher training colleges, 
polytechnics and universities. Roughly speaking, British primary schools 
correspond to American elementary schools, secondary schools to 
American high schools and the British tertiary sector to the American 
college, university and graduate school sector. 

Second, the terms A2, A4, etc as applied to paper sizes and the formats 
of leaflets, booklets and books. In Britain, the sizes of paper in most 
common use arc submultiples of a basic size known as Al, which is 
roughly 84cm x 59.4cm. An A2 sheet is exactly half this size (59.4cm 
x 42cm), an A3 sheet one quarter of the size (42cm x 29.7cm), an A4 
sheet one eighth (29.7cm x 21cm) and so on. The most commonly used 
sizes arc A4 (the standard size used for writing paper and duplicating 
paper) and A5 (14.8cm x 21cm). 



Introduction 



.0 

During the last few years, a large number of science-biased games, 
simulations and case studies have been developed, and these are now 
starting to be built into the curricula of our schools, colleges and 
universities. The use of such exercises seems certain to increase as more 
and more teachers, lecturers and curriculum designers become aware of 
■ their greatpotential. Until now. however, these developments have been 
hampered by the fact that there has been no-basic text on science-based 
games, and no source book to which potential users could refer to find 
out what exercises were available in their particular field. This book has 
been written in an attempt to fill both these gaps. 

The book consists of two main parts. Part I is a review of the potential 
role of games, simulations and case Studies in science education and is 
made up of three sections. The first (Chapters 1 and 2) takes a broad look 
at the game/simulation/case study field, explaining what the various types 
of exercise are, showing how they are inter-related, discussing their general 
educational characteristics, and presenting a rationale for their use in 
science education. The second (Chapters 3. 4 and 5) examines the various 
tVpes of exercise currently available to science teachers, dealing first with 
card and board games, then with other types of manual exercise, and 
finally with computer-based exercises; in each case, a general discussion 
of the main characteristics of the class is supported by detailed 
descriptions of specific examples. The third section (Chapters 6, 7 and 8) 
offers practical guidance on how to select and adapt exercises for 
particular purposes, how to use them in a teaching situation, how to 
design one's own exercises, and. finally, how to evaluate games. 
_simulations and case studies. 

Part 2 consists of a comprehensive collection of data sheets on science- 
based games, simulations and case studies - the first such collection to be 
published. It includes all exercises known to the authors that arc 
(a) suitable for use in science education, (b) generally available to teachers, 
and (c) written in English. 

The data sheets are arranged alphabetically in four separate sections, which 
contain respectively physics-based exercises, chemistry-based exercises, 
biology-based exercises and other exercises with some science or 
technology content. Readers who know of any science-based games, 
simulations or case studies which ate not included are asked to let the 
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authors know (preferably by sending completed data sheets), so that such* 
exercises can be included in future editions of the book* * 

With regard to the way in which references "have been incorporated into 
the \cxt of Part 1, the aim has been to ptoducc a frcc-flowing introductory 
book for practising science teachers rather than a rigorous academic 
treatise. For this reason, references arc given as an unobtrusive series of 
superscript numbers rather than'by interrupting the script with names of 
authors and dates or papers, books, etc. Headers who wish to study any 
topic in greater depth can follow up the appropriate references, which arc 
listed in Ml at the end of the book, or consult the bibliography that 
follows'thc reference section. 
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General introduction to games asid 
•simulations 



Since the use of gaming and simulation techniques in science education is 
a recent development. »t is likely that many readers will be unfamiliar with 
the field. This opening chapter will therefore set the scene for what is ;o 
follow by explaining what games and simulations arc, describing their 
main educational charactcrisiics. and reviewing the history of their use in 
education and training to date. 

The game/ simulation/case study field 

Until ihc carl} 1970s, thelrc was a great deal of confusion over what 
exactly was meant by the terms 'game 1 and 'simulation 1 when used in an 
educational context. Many authors, for example, regarded the terms is 
- being largely synonymous, while others regarded games as being a 
particular type of simulation. This confused situation was greatly clarified 
in 1973. when Bloomer 1 presented the thesis that games and simulations 
are in fact quite different types of exercise, and suggested what was to 
form the basis of a workable terminology and classification. 

Bloomer recognized that >;amcs and simulations have distinct, but not 
incompatible, properties, and that the set of games overlaps the set of 
simulations tc form a hybrid set of exercises which she called simulation 
games (see Figure i . i ); 

The key to Bloomer's classification was her choice of definitions for 
*gar. \ and simulations. For the former, she adopted the definition 




Ftgurt I. J. The nUttantbtp bttuttn an J sitntthtiont Ufier Btaottttr) 

previously given by Abt. : which states that igjHtt is 'any contest (play) 
among adversaries (players) operating under constraints (rules) for an 

O 



16 



GAMES AND SIMULATIONS IN SCIENCE EDUCATION 



objective (winning, victory or pay-off) 1 . This definition identifies two 
essential features which must both exist before an exercise can reasonably 
be described as a game. Hirst, it must involve overt competition of some 

, sort, either directly between players (as, for example, in bridge) or 
between- individual players who are competing against the 4 game system 1 
(as, for example, in golf). Second, the exercise must have rules, ie the 
players must operate under a set of arbitrary constraints specific to the 
particular game. One possible weakness of the definition is that it appears 
to exclude from the class of games exercises in which a single player 
competes directly against the garre system (patience, solitaire, crosswords, 
fruit machines, etc), this anomaly can be resolved, however, by regarding 
the deviser of the game system as one of the Adversaries' in such cases. 
(Somewhat more disturbingly, it could be argued that the definition 
includes most modern wars, since these undoubtedly involve competition 
and are - in theory at any rate - fought under the rules of the Geneva 
''Convention, the authors challenge readers to convince them that such 
wars do not fall into the class of activities circumscribed by Abt's 

0 definition!) 

In the case of simulations, Bloomer adopted Guetzkow's 3 definition 
which states that a simulation is 'an operating representation of central 
features of reality*. This definition again identifies two essential features 
which must both exist before an exercise can reasonably be described as 
a simulation. First, it must represent a realsituation of some sort. Second, 
it must.be operational, ie it must constitute an ongoing process. As shown 
.by Bloomer, thi^ latter criterion effectively excludes from^he class of 
simulations static, analogues such*afc photography, maps, graphs. and circuit 
diagrams, but includes working niodels^of all types. 4 

It immediately follows from the above definitions/that a simulation 
game, is an exercise that possesses the essential characteristics^ both 
games (competitions and rules) and simulations (ongoing representation 
of real-life), examples being chess and Monopoly. The term is now 
generally accepted by workers in the gaming/simulation field. . 

An even more recent development has been the recognitioSTtfiat case 
studies can be related to the field of games and simulations. Such 
'exercises have been used for many years as a teaching method in their * 
own right. Their use in training students for the medical and legal 
professions is well known, ami they have been an established teaching 
technique in business and management studies for many years. 

In 1974, Walker 4 defined a case study as *a study in detail of a 
particular event, problem or situation'! Apart from the fact that it is 
partly circular, the authors believe that this definition fails to identify 
one extremely important general characteristic of case studies, namely 
that they are invariably carried oUt either in order to identify special, 
features of the case under study or in order to illustrate general 
characteristics of the broader set of situations of which it is typical. 5 
(Under Walker's definition, reading a chapter of any book that gives a 
detailed description of its subject matter would constitute carrying out a 
Vase study'.) The authors f refer the following extension of Walker's 
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definition, in which a case study is defined as 'an in-depth examination of 
a r&l-hfe or simulated situation carried out in order to illustrate special 
and/or general characteristics 1 . 5 

The relationship that exists between case studies and the simulation/ 
gaming field was recognized by Reid, 6 who, in 1977, argued that 
interactive case studies have many features in common with simulations, 
and that the set of case studies therefore overlaps that of simulations in 
the way.shown in Figure 1.2. 



Games 



Simulation 
games 



Simulations 



Case studies 



Figure L2* The relationship between games, simulations and case studies(after Reid) 

Although Reid's picture represents possibly the most common area of 
overlap between games, simulations and case studies, the authors would go 
even further and would contend that the set of case studies also 
overlaps the sets of simulation games and games, as shown in Figure 1.3. 




Case studies 




Figure L3: The relationship between games, simulations and 
Q -cording to the authors 



case studies 
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If this view is accepted, it follows that there are no less than seven 
distinct types of exercise in the game/simulation/case study field, namely, 
three 'pure 1 types (games, simulations and case studies) and the four 
'hybrid 1 types that occupy the various areas of overlap in Figure 1.3. 
In order to help readers appreciate the distinctions between the various 
types, we will now give specific examples of exercises that fail into the 
different areas of the figure. 



'PURE' GAMES 

This class contains all exercises which have the two basic characteristics of 
games (competition and mles) but lack some or all of the basic features 
that characterize simulations and case studies respectively. It includes 
well-known games such as Scrabble and Othello as well as the majority of 
conventional card and ball games. 



'PURE' SIMULATIONS 

This class contains all exercises which have the essential properties of 
simulations (ie represent a real situation and are ongoing) but lack some or 
all of the essential characteristics of games and case studies. It includes all 
the various mechanical/electronic simulators that are used to train future 
operators of complex machinery, aircraft, weapon systems, and so on, one 
of the best-known examples being the Link Trainer developed during the 
Second World War to teach basic flying skills. 



'PURE' CASE STUDIES 

This class contains all exercises which have the essential features of case 
studies (in*depth study and illustration of special or general characteristics) 
but lack some or all of the basic features that characterize games and 
simulations. It includes conventional non-interactive case studies of the 
type carried out in the training of doctors and lawyers (the type of 
exercise after which the class was named) as well as similar exercises 
carried out in other discipline?. The series of Jackdaw packs (collections 
of facsimiles of documents, drawings, contemporary records, etc used in 
the study of specific historical periods of events) belong to the class, as do 
more complicated exercises such as What Happens When The Gas Runs 
Ou t? and The Sulphuric Acid Story (see Chapter 4 and Part 2). 



SIMULATION GAMES 



This class contains those exercises which have the basic characteristics of 
both games and simulations but not of case studies. It includes many 
popular family games, such as Monopoly and Cluedo, as well as the great 
majority of commercially available war games (Campaign, Bonnie Prince 
Charlie, etc). Possibly the most familiar example of the class, however, is 
g^tss, which is believed to have originated in sixth-century Persia or India 

ERIC 
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as a simulation of a contemporary battle (how many people realize that 
the movements of the rook represent those of the war elephant?). 

GAMES USED AS CASE STUDIES 

This class contains exercises which have the basic properties of games and 
case studies but not of simulations. Probably the best-known examples are 
the various games developed at the University of Michigan by Layman 
AJIen as aids to the teaching of symbolic logic and mathematics — 
Wff n Proof, On-Sets, Equations, etc. (Dealing as^hey do with purely 
formal fields, such exercises cannot be said to represent Reality 1 and must, 
therefore, be excluded from the set of simulations.) Other examples are 
the use of Mastermind as a source of case studies in logic and problem 
solving, 7 and the use of gambling games, such as coin tossing, in the study 
of probability theory. Many of the chemistry-based card games described 
in Chapter 3 and Part 2 also belong to the class. 

SIMULATED CASK STUDIES 

This class contains exercises which have all the essential properties of 
simulations and case studies but not of games. It includes, for example, 
the Simulated patient' technique developed at McMaster University, 
Canada for use in the training of doctors in diagnosis and treatment. Here, 
trained Actors 1 take the place of real patients, thus allowing trainee 
doctors to learn from their mistakes without any risk of the serious (or 
even fatal) consequences which could result from such mistakes in real life. 
The class also contains a wide range of computer simulations in fields such 
as physics, chemistry, engineering and economics, the extended study of 
the world's possible future development carried out by the Club 
of Rome being a particularly well-known example. 8 It also includes many 
of the exercises described later on in this book, eg Power for El-skay 
(see Chapter 4 and Part 2). 

SIMULATION GAMES USED AS CASE STUDIES 

This class contains those exercises which have all the essential 
characteristics of games, simulations and case studies, and covers an 
extremely wide range of types. For example, it includes many of the 
small-scale simulation games Which have been designed for use in specific 
teaching situations, eg most of the science-based exercises published by 
Longman (see Chapter 3 and Part 2). It also contains large-scale 
interactive teaching exercises such' as The Power Station Game, The 
Amsyn Problem and Fluoridation? (see Chapter 4 and Part 2). All the 
'real' war games carried out in military training also fall into this class 
(see below), as do many computerized business management games such 
as the Bruce Oil Management Game. 9 
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Why games and simulations are educationally useful 

Now that we have seen what games and simulations arc and shown how 
they are related to case studies, let us examine some of the reasons why 
such exercises are claimed to be useful from the educational point of view. 

1. Games and simulations constitute a highly versatile and flexible 
medium whereby a wide range of educational aims and objectives can be 
achieved. 10 They can be used to achieve objectives from all parts of 
Bloom's cognitive 1 1 and affective 12 domains, and simulations can also be 
used very effectively in the psychomotor area. It has been found that 
gaming and simulation techniques are no more effective than other, more 
traditional, methods when used to teach the basic facts of a subject, 13 
but axe particularly useful for achieving high-level cognitive objectives 
relating to such things as analysis, synthesis and evaluation and also for 
achieving affective objectives of all types. 10 Thus, it is not advocated that 
they be employed as a main, front-line teaching technique, but rather as a 
complement and support to traditional methods, eg for reinforcement or 
to demonstrate applications or relevance. 

2» The use of a simulated as opposed to a'real situation as the basis of 
an educational exercise allows the situation to be tailored to meet the 
needs of the exercise rather than requiring the exercise to be designed 
within the constraints imposed by the situation. Only very rarely does a 
real-lite situation have all the features that the designer of an educational 
exercise wishes to highlight or bring out, whereas a simulated situation can 
have all such features built in. Also, real-life situations are often far too 
complicated to allow them to be used as the basis of an educational 
exercise as they stand, the simplification that the use of simulation allows 
can often overcome this difficulty by reducing the complexity to 
manageable proportions. 

3. Research indicates 14 that well-designed games and simulations can 
achieve positive transfer of learning - the ability ofparticipants to apply 
skills acquired daring the exercise in other situations^ 5 It would, in fact, 
be difficult to justify the use of many simulation-type exercises if no such 
transfer of learning occurred, The whole point of the various types of 
cockpit simulator, for example, is to enable aircrew to acquire the various 
skills needed to operate a particular type of aircraft in a safe, controlled 
environment and then to be able to use these skills when flying the actual 
aircraft. The same is true of virtually all other training simulators. 

4. In many cases, games and simulations constitute a vehicle whereby 
participants can use and develop their initiative and powers of creative 
thought, This feature of games and simulations could prove increasingly 
important if our educational system continues to place progressively 
greater emphasis on the cultivation of divergent thought processes. 

5. Apart from their purely cognitive, content-related outcomes, many 
games and simulations help foster a wide range of non-cognitive skills 
(such as decision making, communication and inter- personal skills) and 
desirable attitudinal traits (such as willingness to listen to other people's 
points of view or appreciate that most problems can be viewed in a 

O 
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number of different ways). 1 Indeed, some workers 6 believe that this 
is the area in which games and simulations are capable of making their 
most valuable contribution to education. Exercises that involve interaction 
between the participants are especially effective in this regard. 

6. One advantage which games and simulations appear to have over 
more traditional teaching methods is that pupil or student involvement 

is normally very high — a feature that is particularly ben' ficial for the less 
able. In addition, most participants find games and simulations extremely 
enjoyable. 

7. In cases where a competitive element is included (not necessarily at 
the expense of co-operation), many workers believe that this provides 
strong motivation for the participants to commit themselves 
wholeheartedly to the work of the exercise. 171 18 Such a competitive 
dement may be overt (when groups or individuals are in direct 
competition with one another) or it may be latent (as, for example, in 
exercises like Power for Elaskay where groups or individuals have to 
perform parallel activities and then report on their findings); in both cases, 
the authors have no doubt that motivation is increased. 

8. Many games and simulations have a basis in more than one academic 
discipline, a feature that can help the participants to integrate concepts 
from otherwise widely related areas into a cohesive and balanced 'world 
picture 1 — surely one of the main overall aims of any worthwhile 
educational system. Exercises which require the participants to formulate 
value judgements or examine technological problems from other than a 
purely scientific point of view are claimed to be particularly valuable in 
this respect. 19 

9. Another valuable characteristic of multi-disciplinary exercises is that 
they often provide a situation in which participants with expertise in 
different subject areas have to work together efficiently and harmoniously 
in order to achieve a common end Inter-personal skills of this type are * 
vitally important for success in later life and constitute an area of 
education in which the multi-disciplinary simulation and simulation game 
arc virtually the only means of providing practical experience in a 
classroom or college environment, 10 

Review of use of games and simulations to date 

Games have been played for amusement for thousands of years, and 
simulation (in its broadest sense) has an equally long history. The 
application of simulation and gaming techniques to education and 
training is, however, a comparatively recent development. The first field 
in which such applications took place was military training. Here, serious 
use of simulation and gaming began at the end of the eighteenth century, 
and the techniques have since been developed to a high level of realism 
and sophistication. The next field in which important developments took 
place was business management training, where the use of gaming and 
simulation as a means of developing decision-making skills was introduced 
in the mid-1950s. It was not until the early 1960s, however, that the use 
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of such techniques spread to secondary and tertiary education, with the 
initial developments taking place in teacher training and in the social 
sciences. Let us now examine these various developments in more detail. 

MILITARY APPLICATIONS 

It is sometimes argued that chess (developed in the sixth century) was the 
first war game, but it was not until 1798 that a game involving the use of 
maps was used in military training. 20 Over the next century, two basic 
types of war game came into increasingly regular use, 2 * The first of these, 
the so-called 'rigid' war games, simulated realistic situations, the changing 
pattern and fortunes of war being introduced by throwing dice. These 
formal academic exercises could be highly abstract, their main use being 
in the development of skills relating to overall strategy. The second type, 
the so-called 'free' games, involved the use of actual military units in field 
situations, and were used to develop tactical skills. The two types of game 
were therefore complementary. Although their early use was largely 
confined to Prussia (where they were first developed), both types of 
game have since been adopted by practically every major military force 
in the world. 

BUSINESS MANAGEMENT APPLICATIONS 

Games and simulations had been in regular use by the military for over 
150 years before their next major application was found, namely in 
management training. Here, trwre was a need to find a teaching method 
which could bridge the gap between formal, academic instruction (which 
often lacked direct job relevance) and on-the-job training (which could be 
slow, and was generally restricted to a limited area). Around 1955, it was 
recognized that gaming and simulation methods could help provide a 
solutiou and, in 1956, the American Management Association produced 
the tirst business game. 22 Thi,> was a decision-making simulation exercise 
for potential executives. , 

The idea'of using gaming and simulation techniques in business and 
management training quickl) sprcuxi throughout the western world and, 
in response to the rapidly increasing demand, a wide range of materials 
soon became available. These ranged from relatively simple manual 
exercises (exercises based on the use of conventional printed materials 
such as booklets and work sheets) and board games to highly sophisticated 
computer-based simulations, some being co-operative in nature, and others 
highly competitive. The use of such techniques is now an integral part of 
business management training at all levels from school to in-service 
industrial development. 

EDUCATIONAL APPLICATIONS 

One of the first areas outside the military and business fields in which 
earning and simulation methods were used was teacher training. Here, the 
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first simulations were published in 1962; * these required future 
teachers to deal with a range of 'everyday* situations in a simulated 
school. Other exercises of a similar type soon followed. 25 

Although most of the early educational developments in the Held of 
gaming and simulation were of American origin, materials started to be 
produced in Europe in the late 1960s - mainly for use in the teaching of 
social sciences such as geography, 26 international relations 27 and urban 
development. 28 During the 1970s, however, gaming and simulation 
techniques spread to an ever-increasing range of other subjects, and from 
about 1970 onwards, they started to be used in the teaching of science. 
This last development will be the subject of the next chapter (and, indeed, 
the remainder of the book). 
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Chapter 2: 

How games and simulations can be 
used in science education 



In the first part of this chapter, the various ways in which the authors 
believe that gaming and simulation techniques are capable of making a 
significant contribution to science education will be discussed in detail. 
The second part will give a historical review of some of the more 
important developments that have taken place to date. 

Rationale for the use of science-based games and simulations 

There arc three ways in which science-based games and simulations can be 
used in secondary and tertiary education, namely: 

(a) as aids to the teaching of the basic content of science courses; 

(b) for educating through science (using science-based exercises to 
cultivate useful skills and desirable attitudinal traits); 

(c) for teaching about science and technology and their importance 
to modern society. 

Note that these are not mutually exclusive, since many exercises are 
capable of contributing to more than one area. Let us now examine each 
in more detail. 

(a) How games and simulations can be used in the teaching of science. 
In Chapter 1, it was claimed that games and simulations are capable of 
achieving a wide range of educational aims and objectives but are no more 
effective than traditional methods in teaching the basic facts and 
principles of a subject. Because of this, it is advocated that they be used 
not as a front-line teaching method, but rather in a complementary and 
supportive role. There are two main ways in which this can be done, 
(i) For reinforcing basic facts and principles,* Once the basic facts of 
a particular section of a course have been taught, it is often necessary 
to reinforce the knowledge the pupils or students have just acquired 
by giving them some form of exercise in which they have to 
demonstrate their understanding of what they have learned by 
applying i : to a specific situation. Traditionally, such exercises have 
generally .aken the form of worked examples the pupils or students 
complete on their own, either in class or at home. In many cases, 
however, it would be possible to achieve the same objectives by 



• Throughout this book, the terms 'reinforce' and 'reinforcement 1 ire not used 
in their strict psychological sense; rather, they refer to an improvement in the 
ability to recall or ipply ficts or principles. 
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making use of a game or simulation of some sort and, as we saw in 
Chapter 1, this would probably have the added advantage of increasing 
motivation (if only by introducing some variety into the course). It is 
certainly not recommended that all worked examples in a course should 
be replaced by games or simulations, nor even that a high proportion 
should be. Rather, it is suggested that l^might, in some cases, be 
beneficial to introduce a few carefully chosen games or simulations 
into a course in situations -where they seem to offer some distinct 
educational advantage over more traditional alternatives. 

The types of exercise that are probably best suited to this form of 
application are fairly short games, simulation games and simulated case 
studies with strictly limited objectives. The various chemistry card 
games (Chemsyn, Formulon, etc) are good examples, as are board 
games such as Circuitron and the exercises published by Longman 
(see Chapter 3 and Part 2). Another good example is The Young 
Chemist, a game developed at the Israel Institute of Technology, 
Haifa, in order to help senior schoolchildren master the complexities 
of the periodic table, 29 

(ii) For developing laboratory skills. Possibly the most important 
potential application of games andsimulations in the teaching of 
science is as a supplement to and, in some cases, a substitute for 
conventional experimental work. One of the first exercises to be used 
in this way was Circuitron, which was specially developed to help 
pupils apply basic circuit theory in Scottish schools. 301 31 

It is, however, simulations rather than games - and, in particular,, 
computer-based simulations - that offer the most exciting possibilities 
in this area. 32 * 33 • 34 Here, the imminent prospect of cheap, highly 
versatile microcomputers becoming generally available in schools and 
colleges means that it will be possible to give pupils and students direct 
experience (through simulations) of a far wider range of experimental 
situations than has been feasible up to now. Specific areas in which 
such simulations could make a significant contribution include the 
following: 

situations where a conventional experiment is either extremely 
difficult or impossible (eg experiments in astrophysics and 
human genetics, and 'thought experiments' such as the 
investigation of non-inverse-square or negative gravitation); 
situations where experimental apparatus is either not readily 
available or too complicated or expensive for general laboratory 
use (eg experiments in high-energy physics, nuclear physics or 
reactor physics and industrial processes of all types)? 
situations where actual experimental work could be dangerous 
(eg work with explosive mixtures, highly radioactive materials, 
highly toxic chemicals, virulent pathogens, etc); 
situations where a conventional experiment would take an 
unacceptably long time to complete (eg experiments in genetics 
and population dynamics or with long-lived radioactive materials). 

22 
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All these potential applications of computer simulations will be discussed 



(b) How games and simulations can be used to educate 'through* 
science. A major theme of current thinking regarding the development of 
science education at both secondary and tertiary levels is the identification 
and achievement of the various 'desirable* skills, habits, attitudes and 
modes of thinking which the end products of that education should 
Possess over and above purely factual knowledge. Since the 1930s, there 
has been an increasing awareness of the importance of including in science 
courses- objectives which are not purely cognitive but, until comparatively 
recently, there was little evidence of any serious attempt being made to 
do so. 35 Since the mid-1960s, however, a number of new science schemes 
developed for Scottish and English secondary schools have incorporated 
such broader objectives, and a similar trend has recently been noticeable 
at tertiary level.* 6 ' 37,36 

This change of emphasis in science education has not only caused 
teachers and lecturers to re-think their approach regarding how broader 
objectives can best be achieved, but has also caused many to go further, 
and ask the fundamental question: 'What is a science education for?' 6 

The purely vocational advantages of teaching science are self-evident 
in the case of senior undergraduates bent upon a scientific career or 
technicians being trained in technical colleges or polytechnics. In the case 
of the bulk of those to whom science is taught (secondary schoolchildren 
and junior undergraduates), such advantages are less obvious, however, 
and the various other arguments put forward for teaching science are, in 
general, unconvincing and lacking in empirical support. 

One such argument is that all future citizens should have at least a 
basic knowledge of science in order to help them cope effectively with 
the highly technological world in which they live. This argument, although 
at first sight convincing, has at least two basic weaknesses. First, there is 
no real evidence that the type of cognitively orientated science 
traditionally taught in schools and colleges is of any significant use in 
helping students make sense of their environment. (It is for this reason 
that 'science in society 1 courses of the type discussed below arc now being 
developed,) Second, there is nothing to suggest that non-scientists are any 
less successful than scientists in coping with life. 

Another argument is that a scientific training helps students think 
logically and dispassionately about everyday problems and approach them 
by means of the 'scientific method*. Research carried out in 
secondary ^schools has, however, indicated that this argument may have 
Httle foundation in the case of our present science courses. 39 Other 
research has shown that, in most cases, science courses appear to have no 
substantial influence on the development of pupils' attitudes to science, 
and that few teachers make any serious effort,to achieve goals specifically 
related to attitude and interest. 40 Thus, it appears that the hoped for 
'spin-off effects supposedly associated with science courses are not^ 
necessarily achieved when traditional teaching methods are employed, 



in much greater detail in Chapter 5. 
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These results are not particularly surprising when one considers that the 
great majority .of traditional science courses at all levels concentrate 
almost exclusivel> on the inculcation of cognitive and psychomotor skills, 
with the vague fiopc that the various non-cognitive skills (eg decision 
making, communication, problem solving, "'brary and inter personal 
skills) and desirable attitudinal traits, supposed to be a 'bonus 1 from a 
science education, will somehow 'rub off* on the students. 10 All too often, 
little or no attempt is made to cultivate such nori-cognitivc outcomes of 
science courses. There is, however, a strong case for making a conscious 
effort to foster their development, since even a professional scientist is 
unlikely to succeed in our complex and changing society purely on the 
basis of cognitive attainment. If we accept the description of education as 
'what is left when the facts have been forgotten 1 , the case becomes even 
stronger. 

Since traditional teaching methods have proved to be of doubtful 
efficiency in achieving non-cognitive outcomes of the type described 
above, it Is obvious we will have to develop new methods that arc 
specifically designed to achieve such outcomes (assuming, of course, that 
we accept the argument that they are educationally desirable). It is the 
contention of the authors 16 ' 41 that participative science-based 
simulation games and simulated case studies are capable of fulfilling this 
role. If properly designed, these provide a means of educating 'through' 
science, ie of using a science-based exercise as a vehicle for achieving a 
wide range of educational objectives going far beyond chose that would 
normally be associated with its intrinsic scientific content. 

Many of the exercises described in this book (including nearly all those 
developed by the authors and by Norman Reid) have been designed with 
this type of usage in mind. For example, Proteins as Human Food, was 
developed to foster communication and inter-personal skills in senior 
schoolchildren and junior undergraduates, 42 while Poly water was 
developed to help senior chemistry undergraduates acquire library skills". 43 
Further details about exercises that can be used for education 'through 1 
science are given in Chapter 4 and Part 2. 

(c) How games and simulations can be used to teach about science and 
technology. Since 1959, when C P Snow gave the now famous Reith - 
lecture in which he presented the doctrine of the 'two cultures 1 , 44 there w 
has been a growing realuation of a number of fundamental deficiencies in 
our educational system - particularly in relation to science education. 

First, at an academic level, there is the undoubted dichotomy between 
scientists and technologists on the one hand and non-scientists 
(particularly those with a background in humanities such as literature) 
on the other. 44 This is a direct result of the early specialization that takes 
place in our educational system, which means that the majority of our 
schoolchildren study no science at all after the age of 15 or so, while the 
minority who opt for science courses study precious little else for the rest 
of their academic careers. As C P Snow has pointed out, this has led to a 
virtually complete lack of understanding between the two groups and, in 
many cases, has given rise to mutual mistrust and even hostility. 
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Second, at a more general level, there has been an almost complete 
failure to make our future utuens aware of the relevance of science to the 
real world and of the vital importance of science and technology to 
modern society, 45 ' ^ Throughout their adult lives, these citizens arc 
required to make political, social and economic decisions, many of which 
have a scientific basis or component and, at the moment, our educational 
system is not preparing them to make such decisions in a reasoned and 
informed manner. In other words, our society lacks what Bernard Dixon, 
editor of Sew Scientist, describes as Communal technical literacy'. 

The above problems are likely to become even more aeutc during the 
1980s as microprocessor-based technology comes to play an increasingly 
important role in all our lives, 48 It has been predicted that the 
microprocessor will have an impact on society comparable to that 
produced by the development of the steam engine during the latter part 
of the eighteenth century, but that this second industrial revolution will 
take effect much more rapidly than the first. The microprocessor seems 
likely to bring about fundamental changes in nearly every facet of modern 
societ) and, if these changes are to take place without causing complete 
social upheaval, man> commentators believe that it will be essential to 
develop educational programmes capable of producing technically literate 
citizens as soon as possible. ' 

•A promising start has been made by the recent development of 'science 
msociety'-type courses^u botl\secondary and tertiary level, 50 and it is 
now generally recognued that games and simulations are capable of 
making a significant contribution to courses of this type, 45, 51> 52 The 
authors beheve that science-based simulation games and simulated case 
studies, particularly those of a multi disciplinary nature, are ideally suited 
to such a role, since they represent one of the niost effective means at our 
disposal of demonstrating the role of science and technology in modern 
society. > 

One great advantage of exercises of this type is that they eaj> be 
incorporated equally successfully into both science apd non-seience 
courses. With the former, they can either be built into the main fabric of 
the course as supportive case studies, or they can be made part of the 
'mind-broadening* associated studies element now becoming an integral 
part of most of our secondary and tertiary science courses. With the latter, 
they can again be made part of the general studies element of the course - 
possibl) by watering down or removing the 'hard science' content in 
order to convert them to a form that can be handled by people who lack 
a technical or mathematical background. The authors have found that 
many exercises originally designed for use in science courses can, by 
suitable modification, be used effectively in this way. A good example is 
The Power Station Game (see below), which was originally developed as 
an exercise for physics students of roughly A-lcvel standard, 53 but which 
is now being used with a wide range of other groups, including trainee 
primary teachers. 54 

Detailed information about other exercises that can be used to 
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demonstrate the social relevance of science ami technology can be found 
in Chapter 4 and Part 2. 

Review of early developments 

Now that we have established how science-based games and simulations 
can contribute to our educational^) stem, let u^ examine some of the 
developments that have taken place in these areas since* he first exercises 
began to appear in 1970. 

(a) Developments in the use vf games ami simulations for teaching 
science, The first games and simulations to be specifically developed for 
use in the teaching of science were a series of card and board games 
published between 1970 and 1975.. h 

Among the earliest of these were a number of relatively simple games 
intended for use at secondary school level. In Britain, they included 
Chemsyn and Element Cards (published by Hcydcn and Son Ltd), 
Formulon and Properties and Substances (published by Chemical Teaching 
Aids) and Ionics (published by Science Systems Ltd). 55 In America, they 
included Klemcnts, Compound, The Geologic Time Chart Game and 
Lib Apparatus (all published by Union Printing Co lnc) and a range of 
chemistry -based games published by Teaching Aids Co. All these games 
were designed for use m the reinforcement of basic facts, concepts and 
principles, and all were short enough to be fitted into the normal teaching 
curriculum without causing undue disruption. (Sec Chapter 3 and Part 2.) 

At roughly the same time, a somewhat more ambitious exercise - 
Circuitron was developed in the Education Department at the University 
of Glasgow for inclusion in Project Pill. 56 a package of programmed 
materials for use in teaching science in s nil, remote secondary schools in 
the Highlands alul Islands of Scotland. Or.jitron (which w ill be examined 
in detail in Chapter 3) was a board game designed for use as a supplement 
to conventional experimental work on electrical circuits, and could be 
used at a variety of levels ranging from lower secondary to tertiary. 31, 33 
It was published by Griffin & George m 1972 and was one of the first 
exercises of its*ype to receive a thorough evaluation. 31 

Three years later, a package of 18 games, covering a variety of topics in 
physics, chemistry , biology and general science, was published in Britain 
by Longman. The games were all short exercises intended for use at 
secondary level for reinforcing basic concepts and principles, ami were 
A^airx designed to fit easily into the school curriculum. Like the parallel 
series of geography -based games produced by the same company , they 
were published in the form of booklets containing all the resource 
materials (hoard, cards, tokens, etc) needed for a single playing group 
(between 4 and 12 pupils, depending on the game). Typical examples 
were The Great Blood Race, dealing with the composition, circulation 
and physiological functions of human blood and Competition Among 
The Metals, which helped to show how different metals have different 
reactivities. (See Chapter 3 and Part 2.) 

By this time, the first computer-based simulations were also starting to 
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be developed 33 Establishments^ which early work todk place in 
Britain included the IBM Research Centre at Peterlee, 3 * the Centre for 
Science Education at Chelsea College 57 and the Institute for Educational 
Technology at the University of Surrey, 51 More recently, nearly every 
educational establishment with access to a computer has developed its 

* own range of computer exercises, but the vast majority of these are not 
generally available. Computer simulations will be dealt with in greater 
detail in Chapter 5. 

(b) Developments in the use of games and singulations for education 
'through* science. The first developments in this area again took place 
during the early 1970s, and it is interesting to note tjiat most of these 
early exercises were concerned with ecological or environmental topics. 

At the Universities of Sussex and Bath, for example, a number of 
ecology-based games and simulations were built into degree courses in 
biology. 59, 60 Subsequently, four of the Bath exercises were adapted for 
use at secondary-school level and published as a multi-media package under 
the title of The Ridpest File (see p 190). This was one of a number of 
similar packages developed by the School of Education at Bath for 
organizations such as BP; these all dealt with the interface between 

^industry and the environment. 

At the same time as this work was being carried out in England, a 
number of important developments were taking place in Scotland and 
America. The first was the Star River Project, a large-scale role-playing 
exercise that was developed by the Clyde River Purification Board in 
collaboration with CRAC (the Careers Research and Advisory Centre) 
for use at post-graduate level. This was based on a multi-disciplinary 
scenario involving biology, chemistry, geography and economics. In 1972 
the exercise was modified for use at sixth-form level in schools, and the 

"T^inal package \vas published by Esso Petroleum Co in 1973 (now 
discontinued)* A similar exercise (The Dead River, see p 189) was 
developed in America at roughly the same time and was also published 
in 1973 (by Union Printing Co). 

As a follow-up to'the Star River Project, the Scottish Education 
Department set" up.a working party in 1973 in order to develop a 

" second large-scale multi-disciplinary exercise for use at sixth-form level, 
this time with a basis in physics. The \Vork was carried out in Robert 
Gordon's Institute of Technology, Aberdeen, where.a team of Institute 
staff, local physics teachers and educational administrators developed 
The Power Station Game, a role-playing exercise based on the design of 
a large power station. 53 Following extensive field trials in and around 
Aberdeen,,the final version-of the game was published by the Institution 
*of Electrical Engineers (IEE) in 1976. It has^fnee been used in a wide 
variety of educational and training situ JttoTTs, 53 » 54,61 and has also 
generated a number of further exercises, most of which have had a fairly 
high physics or engineering content (see Chapter 4 and Part 2). 53 * 2 

'While The Power Station Game and its successors were being developed 
in Aberdeen, parallel work in chemistry and biology was taking place in 
gi*e£ 0W , jhis was co-ordinated by the Science Education Group of the 
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University of Glasgow, where a whole range of 'mind-broadening' 
simulation games and simulated ease studies, designed for incorporation 
into chemistry courses at both secondary and tertiary levels, were 
developed between 1973 and 1978. 43 ' 65,64 All were thoroughly field 
tested and evaluated, 101 65 and all have subsequently been published - 
three by the Education Division of the Chemical Society and the 
remainder by the Scottish Council for Educational Technology. Some of 
these exercises will be examined in detail in Chapter 4, and all are 
described in Part 2. 

A similar series of biology-based games, designed for use at secondary- 
school level, was also developed at Glasgow. Although these were all field 
tested and evaluated, 5 * they have not so far been published. 

One of the most interesting recent applications of science-based 
simulations has been their use as the basis of a number of inter-school 
competitions. The first of these, Hydropower 77, was organized by the 
North of Scotland Hydro-Electric Board (NSIIEB) during the winter of 
1976-77 for secondary schools in their area. 67 It was based on a highly 
demanding simulated case study in which cross-disciplinary teams of 
senior pupils had first to design a hydro-electric pumped storage station 
and then write a 'consultant's report' and prepare a multi-media 
presentation on their proposed scheme. The competition project was 
subsequently converted into a self-contained teaching package and 
published by the IEK under the name Hydropower (see Chapter 4 and 
P 13 

During the following winter, the NSHEB ran a further competition of 
a similar type, this time based on alternative energy. 69 The competition 
project was also subsequently converted into a self contained teaching 
package, which was published by the 1EE under the name Power for 
Elaskay (see Chapter 4 and p 139), 70 ' 71 

A third inter-school competition, known as Project Scotia, was run by 
the I EE during the winter of 1978-79 - this time on a UK-wide basis. 72 
The competition project, which involved designing a UHF television 
broadcasting network for a remote area, was developed in conjunction with 
the BBC and the Independent Broadcasting Authority (IBA). It will 
eventually be publ ished as a self-contained teaching package for use at 
secondary amflcTtiary levels. 

The IEE has also organized a series of regional competitions based on 
The Power Station Game. The first was held in Aberdeen in 1977, 73 the 
second in Brighton in 1978 74 and the third in Lancaster in 1979. 

(c) Developments in the use of games and simulations for teaching 
about science and technology. Although the main purpose of the various 
games, simulations and competitions described in the previous section was 
to use science-based exercises as vehicles for achieving non-cognitive 
objectives (eg cultivating communication, decision making and inter- 
personal skills), they were, in almost every case, also designed to teach the 
participants about the social; relevance of science and technology. Thus, 
virtually all the exercises could be said to have been designed for teaching 
about science and tcchnpkjgy as well as ft>r educating through science. 
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Many have since been used for this purpose^ both with science and 
engineering students and with non-science students. 54 * 61,75 

Perhaps the most important development in this area has been the 
Association for Science Education's Science in Society course. This is an 
alternative O-lcvel (AO level) course in science, designed to be taken in 
the sixth form, as a complement to conventional science and arts 
courses. 45 * 51 Work on the project started in 1977, and it was decided at 
an early stage to make extensive use of games and simulations in the 
course. 76 Furthermore, these were built into the basic fabric of the course 
curriculum rather than used as 'optional extras', as had so often been the 
case with such exercises in the past. A series of simulation games and 
simulated case studies was specially developed by the project team and, 
following exhaustive field trials and modifications, was published as part 
of the overall course package (see Part 2). 




ChapivrJ: 

Card and board games 



Ui this and the following two chapters, the various types of game, 
simulation and case study that can be used in science education will be 
examined in depth. This chapter will deal with card and board games. 
Chapter 4 with other manual exercises, and Chapter 5 with computer- 
based exercises. In each case, a general discussion of the main 
educational characteristics of the different types of exercise will be 
illustrated by detailed examination of specific examples. 

Card games 

The class of 'card games' is taken to include all games where the playing 
materials consist solely of cards of one form or another. Gmcs (such as 
Circuitron) which also make use of a board are excluded, such exercises 
being regarded as belonging to the class of 'board games'. As we saw in 
Chapter 2, the .class contains some of the first science-based games to be 
developed, including well-known examples such as Chemsyn, Formulon 
and Ionics. 

Card games have the following general characteristics: 

(a) They arc invariably compact and arc thus easily stored and 
carried around, as well as being relatively inexpensive. 

(b) Most card games are simple, with comparatively short playing times. 
This enables them to be fitted easily into the structure of most 
curricula, either by building them into the actual lessons as 
reinforcing exercises or by inviting pupils or students to play them 
during lunch breaks, free periods, etc. 

(c) The great majority of educational card games arc based on the 
formats of well-known games such as rummy, solitaire or dominoes. 
This means that most pupils and students find their rules easy to 
pick up. 

(d) Most educational card games are fun to play and, in exercises of an 
interactive nature, the competition factor is generally high. This 
increases motivation in two ways, since each player 

(l) wants to ensure that what he does is correct, so that he can 

play to maximum cftcct; 
(ii) wants to find fault in what other players are doing, thus 
v ensuring that their efforts are subjected to continuous critical 
scrutiny. 

(e) Card games are generally limited to relatively low-level cognitive 
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Objectives (eg reinforcement of knowledge, fostering of 
understanding, demonstration of simple applications), although 
they can also be useful in cultivating simple decision-making skills. 
Provided their intrinsic limitations are fully appreciated by both 
designers and users, however, this need not be a disadvantage. 
(0 A somewhat more serious potential weakness of card games is the 
danger that, unless the game structure and educational content are 
properly integrated, pupils and students can play them purely as 
games without deriving any real educational advantage from so 
doing. (A number of commercially available science-based games 
tend to have this weakness to a greater or lesser extent. 55 ) In 
designing an educational card game, it is essential to ensure that 
players have to use the educational content in order to be able to 
play effectively, and not simply the structure (ie the rules). 
Provided this is done, a card game can constitute a highly effective 
learning situation. 

Let us now examine two specific examples of science-based card games, 
namely Forniulonand Chemsyn. 



FORMULON 

Formulon (p 159) is designed for use in the teaching of basic inorganic 
chemistry at lower and middle secondary-school level (ie with pupils aged 
roughly 13 to*16). The game consists of a.packpf 100 cards plus a three- 
page instructional leaflet; 78 of the cards represent atoms or ions, 
20 multipliers (2 or 3) and the remaining 2 Mendeleef cards (jokers) can 
be used to represent any atom or ion in the pack, but not multipliers. The 
basic idea of the game is that pupils have to use the cards to make 
chemical formulae. 

The rules of Formulon are simple. The players (up to eight in any one 
game) are each dealt a hand of ten cards, the remainder of the pack being 
placed face down and the top card turned face up and placed alongside. 
Play then proceeds in much the same way as in rummy, each player having 
•to do one of the following three things on his turn. 

(a) Place a correct formula on the table using the cards in his hand 
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(b) Alter a formula he has placed on the table previously (but not pick 
it up and replace it by a completely new one) 
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(c) Pick up a card from cither the face up or the face down pile and 
then discard one of his cards by placing it on top of the fajze-up 
pile. 

Each round of the game ends when one of the players has used up all 
his cards. The other players add up the valencies of all the cards they are 
left with, multipliers counting as their face values and Mcndelecf cards 
as 8. The scores are noted and, after several rounds (as many as time 
permits), are totalled; the player with the lowest total is the winner. 

Formulon is a good example of a game in which the educational 
content and game structure are well integrated. 55 To play effectively, 
flayers must have a basic knowledge of the properties of the different 
types of clement and ion and of the way in which these combine to form 
ionic and covalcnt compounds. The game constitutes a vehicle for 
reinforcing this basic knowledge, and (through feedback from other 
players) of helping pupils to fill any gaps in their knowledge or 
fundamental misunderstandings they may have, it is also simple to 
organize with a class of any size, and could therefore be incorporated 
into any basic chemistry course at school or college level. In addition, 
Formulon could serve as a useful paradigm for teachers of other branches 
of science. Its basic principles could, for example, easily be adapted for 
use in a number of biological teaching situations. 



CHEMSYN 



Chemsyn (p 151) is a more sophisticated chemistry-based card game 
designed for use in teaching basic organic chemistry to senior school pupils 
and junior undergraduates. 77 It consists of a pack of 52 numbered cards 
plus a 24-page instructional booklet, each card containing detailed 
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information about one particular organic compound. The object of the 
game is to convert a random distribution of cards into an ordered sequence, 
illustrating the \va> in which the various compounds can be intcrconvcrted. 
Each card in the Chemsyn pack has a 'picture' side and a 'text' side, the 
former depicts a number of different representations of the structure of the 
particular compound, while the latter gives detailed information about its 
stereochemistry, basic properties, mcthod(s) of preparation and reactions 
(see Figure 3.1). 



CH 3 CH 2 C 




MOflONlTRIlC (tthyl tytrudt) 

STI RIOCXfMISTRV H,mt **(*«.»•#<« !*♦ C 
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M| r A RATION Of THE CLASS 
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' fie* Ai»»i t*d jjr> 

RfACTtONS 0* TN[ CLASS 

AC* "J 0 ! 0 ** -PcONMj.MjO H .«COjM» 

„ CN (|C0H 

NITRILI (ALKYL CYANIOt* 



7 V 



Figure J.i. 71V picture and text sides of a typical Chemsyn card 

» 

Of the 52 cards in the pack, 50 represent compounds drawn from a 
broad range of chemical classes belonging to aliphatic and aromatic 
organic chemistry (eg alkanes, alkenes, alkyncs, alcohols, phenols, esters, 
aldehydes and ketones). The number of cards devoted to each class varies 
from one to five and, where appropriate, both aliphatic and aromatic 
compounds are represented. The remaining two cards arc blank and can 
be used to represent any compound (ic they serve as jokers). 

Chemsyn can be played by a single person (solo Chemsyn) or by a group 
of two to five students (group Chemsyn). In each case, the basic object of 
the game' is to build up an ordered sequence of cards that shows how the 
various compounds (or the chemical classes to which they belong) can be 
intcrconvcrted by synthesis and degradation. In solo Chemsyn, for 
example, the ph r works systematically through the pack in solitaire 
fashion, trying tw add each successive card to the sequence he has built up. 
In group Chemsv n, the cards are dealt to the participants and to a central 
bank, and the play ers (operating in rummy fashion) try to build up a single 
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common sequence by using the cards in their hands; the winner is the first 
person to get rid of all his cards. Part of a typical Chemsyn sequence is 
shown in Figure 3.2. 
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Figure 3.2. Part of a typical Cbemsyn sequence showing the reagents by which each 
of the transformations might be achieved. 

The educational philosophy behind Chemsyn is that organic chemistry 
is based on a relatively small number of fundamental facts and concepts, 
with the subject opening up in a logical manner once these have been 
mastered. The essential groundwork* lies in a sound knowledge of 
functional group reactions, of molecular shape and of commonly used 
names and terminology for individual compounds and compound classes. 
The object of Chemsyn is to help students reinforce this groundwork by 
placing them in a challenging or competitive (and hence a motivating) 
situation. Although not as well integrated a game as Formulon, it is 
a good example of how a game structure can be superimposed on an 
advanced learning situation in order to make it more palatable to students. 
Thus it could again serve as a useful paradigm for teachers of other 
branches of science. 



Board games 

The class of board games is taken to include all games which make use of 
a specially provided playing surface of some sort. It includes a large 
number of science-based games, particularly the range produced by 
Longmans, many of which make use of such playing surfaces. Note that 
the board in such a game need not be a conventional stiff board of the 
Monopoly type* most of the Longman's games, for example, have thin 
card boards that are supplied as part of the game booklets. 

As a group, board games have similar characteristics to the card games 
discussed above, except that they are generally somewhat more 
rnrnplicatcd and, in many cases, considerably more expensive (the 
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Longman range arc notable exceptions, since they are all produced as 
inexpensive A4 booklets which are dismembered and cut up in order to 
produce the playing materials). Like card games, their main educational 
uses arc as reinforcement exercises, although the fact that most board 
games take somewhat longer to play than the average card game makes 
them slightly more difficult to fit into tight curricula. Again like card 
games, it is essential that their academic content and game structure be 
well integrated if they are to constitute effective educational exercises. 

Board games come in a wide range of types, but it is possible to 
introduce a rough classification according to the way in which the playing 
surface is used. In the first group, of which Scrabble is a good example, the 
board is used simply as a matrix on which a pattern of some sort may be 
built up. In the second group, of which Ludo and Monopoly arc typical 
members, the board is used to provide a predetermined linear path (or 
paths) along or round which players have to progress. In the third group, 
of which chess is probably the best-known example, the board is used as 
a simulated battlefield of some sort, play being both mobile and two- 
dimensional (rather than one-dimensional, as in the second group). In the 
final group, of which Shell's North Sea was one of the first examples, one- 
dimensional activity on the perimeter of the board is used to control 
two-dimensional activity on the interior. Let us now examine an example 
of each type of game, namely, Circuitron, The Great Blood Race, 
Invasion (Microbes) and The Offshore Oil Board Game. v 



CIRCUITRON 

Circuitron (p 13 1) is a physics-based exercise designed for use in teaching 
electrical circuit theory > 31 It is not a single game, but a family of five 
games ranging from the very simple to the very difficult. The games can be 
used at a wide range of levels - from upper primary, through secondary, 
to lower tertiary. In every game, the basic idea is the same, with players 
building up electrical circuits by arranging rectangular pieces representing 
components such as batteries, bulbs and switches on a specially designed 
board. 

The Circuitron package consists of a board, a set of 64 cardboard 
playing pieces plus 64 blanks (for use in making extra playing pieces if 
required or replacing lost pieces), and a 32-page teacher's manual. The 
board consists of a rectangular matrix of 1 10 slots in which pieces may be 
placed joined by 'connecting wires' (see Figure 3.3). The various types of 
playing piece and the values they are assigned in the game are shown below 
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In a typical game, a player (or pair of players) draws a 'hand' of pieces, 
and then tries to place them in slots in the board in such a way as to make 
up a complete valid electrical circuit with as high a total score as possible 
(the sum of the values of the individual pieces used). 




Figure 3,3: A typical Circuitron circuit (total scare 19) 



The five basic games that can be played using the package differ 
considerably in complexity and difficulty, these factors being controlled 
by varying the types of pieces available for selection from the pack, the 
number of pieces in a hand, and the detailed rules governing the 
formation of circuits. The package is designed for use with a group of 
four players, who may play as individuals or in pairs, each individual or 
pair trying to build up as high a score as possible over a number of rounds. 

As in the case of the two card games described earlier, Circuitron is 
not intended as a substitute for either conventional teaching or laboratory 
work. Rather, it is designed as a reinforcement and consolidation exercise 
to be used immediately after new ideas have been presented or new types 
of circuit studied in the laboratory. For example, after pupils have just 
discovered by experiment that the current is constant all round a series 
circuit and have learned how to connect up ammeters, they could play 
Game 2 in which all their ammeters need to have the same reading an? 
be joined up correctly. To help teachers make the bc^t use of the package, 
the teacher's manual includes the algorithm shown in Figure 3.4 — a good 
example of the type of systems approach that can help to censure that — 
educational games and simulations arc used to maximum effect. 

As mentioned in Chapter 2, Circuitron was one of the first science- 
based games on which a thorough evaluation of educational effectiveness 
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WHO CAM PLAY WHAT? 

How your students play the game depends on how much 
they know. The flow chart is to help you decide where to 
start. (If you are not sure how much your students know, vou 
could give them the test on page 24) 



Do they know that . . 

•v 



>1) If a circuit is complete a current 
flow* and All |h*» bulbs will l»ghl up J— NO - 
7) An open switch stops the current 
so none of the bulbs wilf light 



I 

yes 



The.y are not ready to use 
Ci$fitrOn till they have done 
these experiments 



3) Cellsm series "help" each Olher but NO— > 

pairs of cells m oppositinn cancel out . ■ 



Game 1 
page 6 



4) Ammeters are connected positive 
to positive* 

5) - The long line on the cell symbol 
is positive 

6) . Ammeters must have a resistance 
m series 

7) The current is constant all round 
a series circuit 



™1~ 
yes 

—A— 




8) The currents in parallel branches 
add up to the current in the m$in circuit 

9) The currents in the branches are 
only equal if the resistances (numbers of 
bulbs) of the branches are equal' 



-NO-* 



Game 3 
page 10 



yes 



10) Do thty know Ohm's law in quan- 
titative form and can they calculate 
simple equivalent resistances? 



^ — NO — 



Game 4 
page 13 



Gamt5 Page 16 




Figure 3.4* The algorithm showing bow Circuitron should be used 
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was carried out. 30 During the pre-publication trials of the package, 
111 pupils of 1 2 to 13 years (61 boys ami 50 girls) at three comprehensive 
/chools in Glasgow, who had all completed Section 7 (basic electricity) of 
'the Scottish Integrated Science Course, were given a short objective test to 
see how much they knew about circuits. They then played Circuitron for 
about two double periods (roughly two and a half hours altogether), after 
which they took the test again and filled in a short questionnaire on the 
game. Comparison of the results of the two tests showed that a 
statistically significant gain in knowledge had taken place, while the 
questionnaire indicated that over half of the pupils thought they had 
'learned a lot about electric circuits' from playing the game and that over 
three-quarters had found it 'highly enjoyable*. 

THE GREAT BLOOD RACE 

The Great Blood Race(p 190) is a biology-based simulation game 
designed for use in the middle and upper forms of secondary schools. It 
deals with the circulation and basic physiological functions of human 
blood, and forms a self*contained learning unit that can either be used on 
its own or as a reinforcement for conventional face-to-face teaching. 

The game (which is designed for use with groups of two to six players) 
is supplied in the form of an A4 booklet whose four outer sheets (of 
thin card) are used to prepare the board and other playing materials and 
whose two innermost sheets (of paper) constitute an eight-page 
background reader/instruction booklet for the participating pupils. 
A playing set of the game is prepared by removing the four outer sheets 
of the booklet, joining the first two together to form an A2 board, and 
cutting up the other two to form six packs of 'chance' cards and two 
'spinners'. 

The way in which the game constitutes an accurate simulation of the 
human circulatory system can be seen by comparing Figure 3.5 (a 
schematic diagram of the circulatory system) and Figure 3.6 (which shows 
the basic lay-out of the board). As its name suggests, the game consists of 
a race - players having to complete a single circuit of the branching 
4 track\ Their rate of progress is controlled by use of a six-sided spinner, 
and is helped or hindered by various chance and other factors 
encountered on route. 

Before they attempt to play the game, the participants are expected to 
read the background/instruction booklet thoroughly to ensure they have 
the knowledge needed to play effectively. As they progress through the 
game, the players are confronted regularly with problems that they can 
only solve if they know certain facts about human blood - a feature that 
helps provide motivation for learning. This motivation is undoubtedly 
increased by the fact that a player who is ignorant of certain important 
properties of blood may have to withdraw from the game if he makes a 
serious mistake, although the educational effectiveness of such a drastic 
penalty is open to question. 

The type of linear format employed in The Great Blood Race is one 
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Figure 3*5: Schematic diagram of human circulatory system 
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that could be adapted for use in a variety of teaching situations in a wide 
range of subjects. In addition, use of this format (with which most pupils 
are familiar) generally produces an exercise whose basic rules can be 
picked up fairly easily, this is an important factor in determining the 
educational effectiveness of a game, since pupils are liable to lose interest 
in aii exercise whose rules they find difficult or abstruse. 

INVASION (MICROBES) 

Like The Great Blood Race, Invasion (Microbes) (p 184) is a biology-based 
game designed for use at middle and upper secondary level. It simulates 
the 'wars' that are constantly being fought to maintain our health, and is 
designed to help pupils learn how it is possible for our bodies to ward off 
the attacks of disease-causing microbes by deploying defence mechanisms 
of various types. The game again constitutes a self-contained learning unit 
that can be used either on its own or as a reinforcement exercise. 

The game, which is designed for simultaneous use by up to four pairs 
of players, is supplied in the form of an A4 booklet very similar to that 
of The Great Blood Race. The outer sections of this booklet are used to 
prepare* the A2-sizcd board and other playing materials (mainly sets of 
'attack*, 'defence' and 'bonus* cards), while the central section again forms 
an eight page background reader/instruction booklet for the participants. 

The game board is divided into four independent sectors, each of 
which represents an organ that is under attack by pathogens (1. the skin, 
under attack by staphylococci, 2. the lungs, under attack by tuberculosis 
bacilli, 3. the sex organ, under attack by syphilis spirochetes and 
4. the gut, under attack by typhoid bacilli). All four sector* have the 
same general lay -out, that representing the gut being shown in Figure 3.7. 
. Before starting the game, the participants are again expected to study 5 
the background/instruction booklet in order to acquire the detailed 
knowledge of the properties of 4 the different types of pathogen and the 
me^hanisrr\s by which the body tries to repel them that is needed to play 
effectively. 

The game proper jcakes place in two stages. In the first (the so-called 
'colonization* or 'force raising' phase) the players who are attacking and 
defending a particular organ have to try to build up their respective 
forces of pathogens and defensive bodies (phagocy tes and antibodies) in 
the areas behind the central battle /.one. They do this by taking turns to 
draw cards from the appropriate 'attack' and 'defence' packs and trying 
to answer questions about their respective 'forces', if they succeed in 
doing so* they win the right to colonize a certain number of hexagons 
and (in some cases) to collect a 'bonus* card for use in the latter stages 
of the subsequent battle phase. A hexagon is colonized by writing the 
appropriate symbol in its centre. 

The second phase of the game is the actual 'battle'. Here., the players 
take turns to use a 'battle spinner' that tells them by how many hexagons 
they can advance into the central 'battle zone*. In this phase, 'the attacker 
tries' to occupy as many hexagons as possible while the defender tries to 
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eliminate these pathogens by deploying phagocytes and antibodies (once 
both a phagocyte and an antibody have beeri placed adjacent to a 
pathogen, the latter is destroyed). Play continues until all hexagons on 
the battlefield have been occupied, whereupon the defender and attacker 
use the 'bonus' cards tney have collected to destroy or reinstate further 
pathogens. A score sheet is then used to determine who has won, points 
being awarded for the different types of hexagon occupied by each player, 
Invasion (Microbes) is an excellent example of the way in which a board 
can be used as the basis of a two-dimensional 'mobile' game and also of 
the way in which motivation for learning can be produced by placing 
students in a competitive situation in which they have to know certain facts 
before they can play effectively. (As a general rule, players who are 
preparing to play a game or take part in a simulation only take the trouble 
to acquire such background knowledge and familiarity with the rules that 
are essential if the\ are to play reasonably effectively, all other material 
being cither skimmed through or completely ignored.) We have seen that 
one of the main factors in determining the overall effectiveness of an 
educational game is the extent to which the academic content and game 
structure are integrated. Invasion (Microbes) demonstrates one method by 
which such integration can be achieved. 

THE OFFSHORE Oil. BOARD GAME 

The Offshore Oil Board Game (p 196) began life as North Sea, a family 
board game based on Britain's North Sea oil industry that was developed 
by Shell (UK) Ltd during the mid-1970s, 78 The game was subsequently 
converted into a decision-making exercise for use in the Association for 
Science Education's Science in Society course, the original expensively 
produced boxed game being re-designed as an inexpensive 'do-it-yourself 
kit that could be made up by teachers. 79 

A playing set of the game (which is designed for use by up to five 
people - four players and a 'banker') consists of a board, a set of playing 
materials (playing pieces, money, chance factor cards, etc), five student 
booklets, five student cards and a teacher's guide. The student booklets 
contain detailed background information about the offshore oil industry, 
together with the full rules of the game, and are intended to be studied at 
home before the game starts. The student cards carry a diagram of the 
hoard on one side (see Figure 3,8). This is meant to be studied at home in 
conjunction with the rules. On the other side, they carry an easy-to-follow 
synopsis of the game (sec Figure 3.9) designed for use during actual play. 

The Offshore Oil Board Game is a realistic simulation of the actual 
process by which North Sea oilfields arc discovered and subsequently 
brought into production. It begins with an auction of all the concessions 
in one area of the board, each player having to acquire at least one if he 
is to take any further part in the game (this gets the exercise off to an 
exciting, highly competitive start). Next, players have to go through the 
process of exploring for oil, appraising any field(s) they discover, 
developing one of their fields, bringing it into production and using the 
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Figure 3.8 The lay-out of The Offshore Oil Hoard Game board 
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resulting tncome to pa) off the loans needed to finance earlier operations. 
The winner *$ the first player to bring a field into production and pay off 
all his loans. 

A key feature in the design of the game is that activity on the interior 
of the board (which represents a potential oil-bearing sedimentary basin 
in the North Sea) is controlled by activity on the perimeter (which 
represents the surrounding coastline). Players move round the perimeter 
in Monopoly fashion by throwing two dice, making use of the 'decision' 
squares to carry out their programmes of activities on the interior (see 
Figure 3.8). 

The educational aims of The Offshore Oil Board Game are twofold, 
namely, to teach the participants about the way in which the offshore oil 
industry operates and to help them develop the ability to think rapidly 
and effectively under pressure. 79 The key to achieving both these aims is 
the use that is made of the 'decision* squares on the perimeter of the 
board. Every time a player lands on one of these squares, he has to decide 
(on the basis of his knowledge of how offshore oilfields are developed 
and his appraisal of the current tactical state of the game) what his most 
effective next step would be. The idea of using 'decision* squares in a 
game, and the associated idea of using one-dimensional activity on the 
perimeter of a board to control two-dimensional activity on the interior, 
could well be adapted for use in other teaching situations. 
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Chapter -I: 

Other manual exercises 



Strictly speaking, the term 'manual' applies to all games, simulations and 
case studies that do not involve use of the computer - including card and 
board games of the type described in the last chapter. For the purposes of 
this chapter, however, we shall consider the term as applying only to those 
non-eomputer-based exercises where the main resource material consists 
of sheets of paper, leaflets or booklets rather than cards or a board. This 
has traditionally been the most common medium in which academic 
games, simulations and case studies have been written. 

The most important characteristics of the manual medium (using the 
term in the limited sense defined above) are its great versatility and 
flexibility, and the comparative ease with which resource materials can be 
produced and duplicated. The former makes it possible for manual 
exercwcs to achieve a much wider range of educational objectives than 
card or board games (which, as wc have seen, are largely limited to low- 
level cognitive objectives) and allows them to be used in a much greater 
variety of roles, covering all the areas outlined in the first part of 
Chapter 2. The latter means that anyone with access to a typewriter and 
a photocopier can produce all his/her own materials and run off as many 
copies as he/she needs easily and inexpensively. This again contrasts 
sharply with the card and board game media, in which the resource 
materials are generally more difficult both to produce and to duplicate, 
boards, for example, have either to be laboriously manufactured b> hand 
or printed by some relatively expensive process. 

Despite the wide range of formats in which manual exercises arc 
produced and the wide range of uses to which they are put, they can 
usefully be divided into four basic t>pes according to their underlying 
structure, namely lmear % raMal, composite and mid ti project exercises. 80 
The main characteristics of each of these classes will now be discussed, 
and specific illustrative examples (thai could serve as useful paradigms for 
similar developments in other subject areas) examined. 

Linear exercises 

The two fundamental structures on which virtually all manual exercises 
arc based are the so-called linear and radial structures, each of which can 
be used for the achievement of distinct (although not necessarily mutually 
exclusive) sets of broad educational aims and objectives. 80 The essential 
structural characteristics of exercises that have a linear format are as 
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the participants progress systematically through a predetermined 
series of activities, 

- all partieipants have the same basic resource materials and carry out 
the same basic set of activities. 

In common with all other t>pes of game, simulation and case study, linear 
exercises can be used to achieve a wide range of educational objectives 
related to ineir subject content. In addition, they have the following 
specific educational characteristics: 

- the progressive nature of their structure enables a complicated case 
study to be broken down into easily manageable stages and clearly 
illustrates the relationship of each part to the whole; 

- they can be used to foster the development of a wide range of skills, 
including problem solving, analytical and decision-making skills. 

These characteristics will now be illustrated by examining two specific 
exercises, namely Project 1 from the Central Heating Game and What 
Happens When The Gas Runs Otto? 

PROJECT 1 FROM THE CENTRAL HEATING GAME 

The Central lieating Game (p 130) is m fact a multi-project exercise 76 
(a collection of five projects all'based on the theme of domestic central 
heating), and will be described later in this chapter. Its first project is, 
however, an excellent example of the type of linear exercise under 
discussion, and will therefore be examined now. This is designed for use 
in the teaching of ph>sics, engineering and architecture at upper secondary 
and lower tertiary level, and takes the form of a highly structured 
simulated case study on the heating requirements of a typical thrcc- 
bedroomed bungalow. The project takes roughly two hours to complete 
and can be used with a class of up to 24. 

The structure of the project is shown schematically in Figure 4.1. 
Before the project starts, the members of the class are each issued with a 
cop> of an introductory booklet to study at home. This booklet contains 
general information about domestic central heating and home insulation, 
and is designed to give the participants the background knowledge that 
they need to carry out the work of the project (it is used as an 
introduction to all the projects in the Central Heating Game package). 

At the start of the project, each student or pair of students is issued 
with a data sheet giving basic architectural and technical information 
about the bungalow to be studied together with a copy of project 
sheet 1(a) This provides them with the theory that they need to carry 
out Stage 1 of the case study the calculation of U -values (thermal 
transniittance coefficients) ot some of the structural components of the 
bungalow (the walls and windows in this case). The sheet also gives them 
dualled instructions on how to calculate these U -values together with a 
part!> completed table in which the answers to the various stages of the 
calculations may be inserted. 
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Figure 4. /. Ubematu structure of Project I from Central Heating multi-project pack 

As soon as Stage 1 has been satisfactorily completed, the students are 
issued with project sheet 1(b). The first part of this sheet contains a table 
giving the correct answers to the U-valuc calculations carried out in 
Stage 1, plus the Upvalues of all the other structural components of the 
bungalow, so that the students can check their earlier work. It also 
provides them with the theory and instructions they need to carry out 
Stage 2 of the case study (calculation of the design heat loss of one of the 
rooms of the bungalow - the kitchen) and a table in which the answers to 
the various calculations may be inserted. 

As soon as Stage 2 has been satisfactorily completed, the students are 
issued with project sheet 1(c). This again contains a table that gives the 
correct answers to the calculations carried out in the previous stage, plus 
the corresponding design heat loss figures for all the other rooms of the 
bungalow. It also provides the theory and instructions needed to carry 
out Stage 3 of the case study (calculation of the total annual heat energy 
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requirements of the bungalow) and a table in which to fill in the answers 
10 the various calculations. 

On completion of Stage 3, the students are issued with the final project 
sheet, which again provides the correct answers to the calculations just 
earried out. It also contains detailed instructions on how to carry out the 
final stage of the case study - calculation of the effects on the annual heat 
requirements of the bungalow of introducing various additional insulation 
measures (loft insulation, cavity wall insulation and double glazing) - 
together with tables in which the answers to the various calculations may 
be inserted. 

Once Stage 4 has been completed, the students are issued with a second 
data sheet that contains the answers to the final set of calculations. The 
project is then brought to a conclusion by holding a short debriefing 
session in which the significance of the results of the project are discussed 
by the whole class. Such debriefing sessions are a vital part of educational 
games, simulations and case studies of all types. 

The method of approach employed in the above project enables a 
highly complex and challenging problem to be broken down into easily 
manageable stages, and also gives the students a clear understanding of 
the significance of the various calculations involved. The linear f6rmat is 
5 ideally suited to this type of use. 

WHAT HAPPENS WHEN THE GAS RUNS OUT? ^ 

What Happens When The Gas Runs Out? (p 177) is a chemistry -based 
interactive case study designed for use with junior science undergraduates 
and senior secondary pupils of roughly A-level standard. 10 ' 43 Its main 
aims are to provide a vehicle for educating 'through 1 science (sec 
Chapter 2) and to help demonstrate the social and economic implications 
of science and technology. The exercise involves appraising Britain's likely 
reserves of natural gas and formulating a policy for providing a viable 
replacement when these reserves are exhausted. The project is designed to 
fit into a standard three hour laboratory session, the participants working 
in co-operative groups of four to eight. 

The structure of the exercise is shown schematically in Figure 4,2. 
It begins with a brief introduction by the teacher or lecturer in charge. 
The students are then divided into their working groups and issued with 
copies of a sheet that describes the work to be carried out in Part 1 of the 
exercise and provides them with all the necessary background 
information and data. Part 1 involves carrying out a quantitative 
examination of the calorific properties of manufactured town gas and 
natural gas, and discussing the sort of problems likely to be encountered 
in converting gas appliances from one to the othci. This stage of the 
exercise takes roughly 40 minutes. 

Once Pan I has been satisfactorily completed, the students are issued 
with a second sheet describing the work to be carried out in Part 2 and 
providing all the necessar> information and data. Part 2 involves relating 
the quantity of natural gas estimated to be present in the North Sea to 
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likely future consumption trends and hence estimating how long the gas 
is likely to last. It again takes roughly 40 minutes. 

On completion of Part 2, the students are issued with a further work 
sheet for use in Part 3 of the cxereise. This takes as its starting point the 
fact that Britain's natural gas reserves are almost certain to become 
exhausted well within the lifetime of the students (the conclusion that 
they should have reached in Part 2), and involves discussing possible 
alternative sources of supply and appraising their relative advantages and 
disadvantages. This stage takes roughly 20 minutes. 

RJC 



51 



58 



CJAMKS AND SIMULATIONS IN SCIENCI; EDUCATION 



"I he next two stages of the exercise (Pans 4 and 5) consisi of a detailed 
appraisal of one of die most promising options that should have emerged 
from the discussions in Part 3, namely manufacture 6f synthetic natural 
gas from coal or oil. Part 4 (35 minutes) is devoted to an examination of 
the technical feasibility of this particular option, and Part 5 (45 minutes) 
to an appraisal of its economic viability and formulation of a possible 
overall policy for Britain's gas industry' over the next 30 years. The 
students are again issued with a new work sheet at the start of each stage. 

What Happens When The Gas Runs Out? is essentially a linear 
programme in which the participants arc led through a series of activities 
whose objectives arc initially mainly in the lower part of Bloom's 
cognitive dornain 11 and finish up in the higher regions. Such a progression 
is a feature of many exercises of this type, and is something thai the 
authors believe can be achieved by employing a linear structure of the 
type shown, this structure enables each stage to build sys(emat ; cally on 
the work of its predecessors, thus allowing a progression from simple to 
complex ideas to take place easily and*«iaturally . Like Project 1 from the 
Central Heating Came, the exercise also provides a good example of the 
effective use ot resource materials in a linear teaching situation. 

Radial exercises 

The second. fundamental structure that can be used in manual exercises is 
the so-called radial *>:riti turv. Exercises designed in this format have the 
following basie str» ctural characteristics: 

- each participant (or group of participants) carries out a set of 
activities specific to a given role in a scenario or particular point 
of view in a problem situation and then presents information or 
argues a c;*se at a plenary session or simulated meeting; 

the various participants (or groups of participants) have different 
resource materials and carry out different (albeit often related) 
activities. 

Like linear exercises, radial exercises can be used to achieve a wide 
range of educational objectives related to their subject content, but also 
have a number of educational characteristics that are specifically related 
to their structure: 

- they enable the different arguments or points of view in a 
complicated problem to he identified, examined in detail, and 
subjected to informed criticism and discussion; 

- they foster the development of a wide range of useful skills 
(particularly those related to the preparation, presentation and 
defence of arguments), and can also be used to develop desirable 
attitudinal traits (such as a willingness to listen to the points of 
view of other people or an appreciation that problems can generally 
be viewed in a number of different ways). 

These characteristics will now be illustrated by taking a detailed Jook 
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at three typical radial exercises, namely Fluoridation?, The Amsyn 
Problem and Proteins as Human Pood. 

FLUORIDATION? 

Fluoridation? (p 194) is a role-playing simulation game designed for use as 
a case stud) and 'mind-broadening' exercise in science in society, modern 
studies and health education courses at both upper secondary and tertiary 
level. 81 It is based on the hypothesis that an area health authority (for 
the imaginary Hartley area) is considering the principle of fluoridation of 
the public water supply, and takes the form of a simulated public meeting 
called by one of the Community Health Councils to discuss the question. 
The exercise takes between one and a qt'irtcr and two hours to complete 
(depending on the numbers involved and on the level of sophistication of 
the participants) and can be used with a class of between 1 3 and 24 
students. 

The structure of Fluoridation? is shown in schematic form in Figure 4.3. 
Roughly a week before the exercise ts due to take place, each participant is 
given a copy ot an introductory booklet to read at home. This contains 
background information about thobe aspects of local government structure 
relevant to the game, a summary of the main features of the simulated 
area, and a review of the format and structure of the exercise. At this 
stage, the participants are also allocated their roles ami given the 
appropriate briefing booklet sj that they can prepare the arguments they 
arc to present. 

The game itself takes the form of a structured debate in which 
representatives of the various groups that support and oppose fluoridation 
present their respective cases to the members of the Community Health 
Council, who have the task of deciding w hether or not to support 
fluoridation when the issue is discussed at a higher level. The exercise has 
been designed in such a way that the main arguments commonly 
presented in favour of fluoridation are shared between the various 
supporters, while those generally raised by the pressure groups that 
oppose fluoric! a tionvare shared between the objectors (se<: Figure 4.3). 
The chairman of the Co unci controls the debate, calling the various 
speakers in a predetermined order and using any time that remains for 
an open discussion. 

Fluoridation? is a typical radial exercise in that it (a) provides the 
participants w ith the basic facts regarding the issue being examined, and 
(b) shows that these basic facts can be looked at from more than one 
point of view. In particular, it highlights the type ui conflict that almost 
invariably arises between the protagonists of a controversial measure, 
who generally produce detailed arguments to show that it would be 
technically or economically beneficial to the community as a whole, and 
its opponents, who generally claim that its introduction would violate the 
rights of the individual or produce unacceptable (albeit often 
unquantifiable) environmental or social side-effects. Such issues, whose 
7y~ ! ution has nearly always to be based on the formulation of value 
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Figure Schematic structure of Fluoridation? 

judgements rather than on the rational appraisal of facts, are ideally suited 
to treatment using a radial rather than a linear format. Fluoridation? 
provides a good example of the type of approach that may be employed 
in dealing with issues of this kind in a classroom. f~* 

During its final pre-publicatioa field trials in three Aberdeen schools, 
an attempt' was made to evaluate the educational effectiveness of 
Fluoridation? 12 This proved extremely encouraging, indicating that the 
exercise was succeeding in achieving both its cognitive and its affective 
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objectives and clearly demonstrating that it was highly popular with both 
pupils and teachers, One interesting (and not altogether unexpected) 
outcome of this evaluation was that the participants tended to become 
polarized by thei^rolcs, those who were given roles supporting 
fluoridation showing a distinct positive attitude shifi towards 
fluoridation as a result of playing the game, and those given opposing 
roles showing an attitude shift in the opposite direction. Such polarization 
is something that must be kept under careful review by designers and users 
alike, sujee its effects can, in certain circumstances, be counter-productive 
or even harmful. 

THE AMSYN PROBLEM 

The Amsyn Problem (p 173) is a role playing simulation game designed for 
use with senior secondary pupils and junior undergraduates as a vehicle for 
educating 'through' science and for demonstrating the social relevance of 
chemistry. 43 It is based on a typical industrial problem situation, in which 
a small chemical firm have to decide how they can reduce the impurity 
levels in their effluent in order to meet new regulations. The exercise is 
designed for use with an optimum number of 16 participants and takes 
roughly two to three hours to complete. 

The game scenario is based on the hypothetical firm of Amsyn Ltd, 
whose main activity is the manufacture of aromatic amines. Their current 
production process produces large quantities of heavily polluted effluent, 
however, which has until now been discharged directly into a nearby 
river - with disastrous environmental results. In an attempt to clean up 
- \c river, the local district council plan to introduce stringent regulations 
regarding the impurity levels of industrial effluent, and Amsyn will cither 
have to devise a means of satisfying these regulations or face partial or 
total closure of their plant - something that would be socially 
unacceptable in an already depressed area. 

It ts against this background that the maragement of Amsyn Ltd have 
called a meeting to discuss the situation with the other interested parties, 
namely the trade union representees of the workforce and 
representatives of the district council. Each r ar i>'» although wishing to 
find a mutuall) satisfactory solution, naturally views the problem with 
a different set of values, priorities and responsibilities (see Figure 4.4). 

The c.\ctu»c MdtU with a btivii tape/slide programme, which 
introduces the.participants to the game scenario. The class is then 
divided into three groups (management, trade union representatives and 
district council representatives) and each group is given copies of a 
booklet that definesits role and provides its members with all the 
information they require. The groups study their respective booklets, and 
each then tries to decide on the course of action it would prefer. 

When the participants re assemble at a managemcnt-chaired meeting, 
delegated spokesmen from the three groups present the various proposed 
solutions to the problem, after which a general discussion takes place in 
™Hi.r to sec if a mutually satisfactory compromise can be reached. If, at 
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Hgure4.4. Schematic structure of The Atnsyii Problem 

the end of the allotted time, no agreement has been reached, the 
management is required to propose a definite plan, and the other parties 
are asked for their reactions. 

Like Fluoridation?, The Amsyn Problem allows a complex issue, 
involving a number of seemingly incompatible technical, economic and 
social issues, to be examined from the points of view of the various 
interested parties. In this case, however, the object of the exercise is to 
produce a generally acceptable compromise solution to a multi-sided 
problem rather than to reach a clear-cut decision on a straightforward 
'cither-or 1 issue, such situations also lend themselves to treatment using 
q a radial approach. 
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Another valuable feature of the exercise is that it places the intrinsic 
scientific content in the context of a highly realistic scenario. Thus, the 
chemistry is seen to be related to a variety of other disciplines, and it is 
shown that what the students might at first suppose to be purely 
technical decisions are often influenced by social, economic and even 
moral considerations. As a result, the basic chemical equations are seen 
to have relevance and implications far beyond the textbook, or even the 
laboratory. \ j 

PROTEINS AS HUMAN FOOD 

Proteins as Human Food (p 168) is an interactive case study designed 
specifically to help science students at upper secondary and lower tertiary 
level develop communication, inter-personal and decision-making skills. 10 * 42 
It deals with the general topic of proteins and the world food shortage and, 
although it has its main basis in chemistry, also involves a number of other 
disciplines, including biology, nutritional science, economics and 
geography. The exercise is designed for use by groups of six students and 
takes roughly one and a half to two hours to complete. 

A problem commonl) encountered in group tutorials (even when a skilful 
tutor is involved and a mini-lecture is avoided) is that some students, 
possibly through lack of confidence or knowledge, fail to become involved 
in the discussion, which is often dominated by the tutor and one or two 
group members. Thus, the central problem facing the designer of a 
communication exercise is how to make sure that all the participants are 
involved to an approximately equal extent. 

In Proteins as Human Food, the approach adopted is to have a group 
leader whose only task is to organize and control the discussion and five 
other members each of whom is initially in sole possession of one 
component of the information needed by the group if it is to hold a 
jneaningful discussion on the world protein problem (see Figure 4.5). 
Each of the six members of the group is given an individual booklet that 
(a) tells him what will happen in the exercise, (b) defines his role in the 
discussion, and (c) provides him with the detailed information specific to 
his role. In this way, each member tots to contribute to the discussion, 
thus helping the more diffident overcome their reluctance to speak. 

The effectiveness v,'!th which Pr*jtcins is Human Food achieves its basic 
design objectives has been determined by means of a systematic evaluation 
involving seven groups (42 students) in three separate educational 
establishments (science undd graduates at the University of Glasgow, 
mature education students at the University of Liverpool and sixth- 
formers from a large Scottish comprehensive school). 10 * 42 This took the 
form of a written assessment involving the completion of pre- and post- 
tests by all the students who took part in the exercise, plus an analysis of 
tape recordings of several of the discussion sessions. Although the sample 
size was too small for rigorous statistical analysis, the written assessment 
clearly indicated that the exercise was having some success in achieving 
q irious aims, while the analysis of the tape recordings was even more 
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l-'igure 4.5: Schematic structure of Proteins as Human Food 



encouraging. These demonstrated quite clearly that all six members of 
each of the groups studied had made a significant contribution to the 
discussion, with no individual member spending less than 10 per cent of 
the total time communicating. 

Clearly, Proteins as Human Food could serve as a useful model for the 
development of similar communication exercises in other subject areas. 



Composite exercises 

Although many manual exercises have relatively straightforward structures 
that can be classified simply as 'linear' or 'radial* , many others have rather 
more complicated structures, and cinnot be so easily classified. Such 
exercises can, however, generally be broken down into a combination of 
linear and radial elements, and can therefore be said to have composite 
structures. By employing a composite structure, it is possible to produce an 
exercise that has the educational advantages associated with both linear 
and radial structures. 
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Exercises of this type are generally more complicated than those 
described so far, and their characteristics are probably best illustrated by 
taking a look at specific examples. Three such exercises will be examined. 
The first (Polywater) is essentially a linear exercise with some radial 
elements built in. The second (Power for Elaskay) is the opposite, namely 
i<adial exercise with some linear elements built in. The third (The Power 
Station Game) is considerably more complicated, and cannot be so easily 
described (it consists of three parallel linear structures, each with some 
radial elements built in, leading into a radial structure which itself gives 
rise to a further, completely separate radial structure - see Figure 4.8). 



POLYWATER 

Polywater (p 167) is an interactive case study designed to help senior 
chemistry undergraduates develop library and communication skills. 10 * 43 
It is based on the controversy over the existence or otherwise of 
'polywater' that raged in scientific literature between 1 966 and 1973. 
(Polywater was believed to be a polymeric form of water created when 
steam was condensed in small capillaries. After seven years of intensive 
study and debate - and the publication of over 500 scientific papers - 
it was realized that the 'phenomenon' was a result of impurities partly 
produced by leeching of silica from the glass.) The full exercise takes 
roughly five or six hours to complete, although a shortened version can 
be fitted into a standard three-hour laboratory period if time is restricted. 
It is designed for use by groups of six to eight students, each with its 
own tutor. 

The structure of Polywater is shown schematically in Figure 4.6, which 
clearly shows how the radial elements are built into what is essentially a 
linear sequence of activities. The exercise begins with a brief introduction 
b> the tutor and the study of a short introductory booklet by the students. 
Each student in the group is then issued with a card that gives one or more 
references to early papers on the polywater phenomenon. The students are 
told to look these up in the library, read them, and prepare short precis 
of their contents. After about 45 minutes, the group re-assembles, and 
each student gives a short report on his findings. The group then discusses 
„ the situation revealed by the early papers, and discusses what further work 
could usefully be done on the subject. 

Once the discussion has run its course, each student in the group is given 
one or more further references to look up, read and precis - this time on 
papers published when work on poly vater was at its height. The students 
again report back to the rest of the group, which then holds a further 
discussion of the current state of the research and suggests what further 
lines might be pursued. 

After completion of this second discussion session, the students are 
given a final set of references to study, this time on papers published 
when the true nature of the 'polywater phenomenon* was being realized. 
This is followed by a third feedback and discussion session, after which 
the exercise is brought to a conclusion with a short debriefing. 
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Figure 4,6 Schematic structure of Poly water 

Polywater has a number of valuable educational characteristics, serving 
not only as a case study on an extremely interesting area of chemical 
research and as a vehicle for developing useful library and communication 
skills, but also as a forceful demonstration that not everything that is 
published in learned journals is necessarily correct, it thus shows that the 
attitude of a research worker should be one of healthy scepticism rather 
than blind belief in the written word. 
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POWER FOR E LAS KAY 

Power for Elaskay tp 139) is a simulated case study on alternative energy 
sources. 70 * 71 It has its main basis in physics, but also draws upon a 
number of other disciplines, including economics and geography. The 
case study is designed as an integral part of a self-contained structured 
lesson on alternative energy that can be incorporated into a variety of 
courses at upper secondary and lower tertiary level, including science in 
society , general studies, physics and engineering courses. It is suitable for 
use with a class of up to 25, and takes roughly two to three hours to 
complete. 

The structure of Power for Elaskay is shown schematically in Figure 
4.7. The problem facing its designers was that of: 

(a) giving all members of a cLi>s a general appreciation of the basic 
technical principles underlying the various alternative sources of 
energy currently available; 

(b) enabling the class to carry out a detailed appraisal of the technical 
and economic feasibility of exploiting each of these various sources 
of energy; 

(c) completing the work in roughly three hours. 

Since (c) clearly precluded detailed study of all the various sources of 
energy b> all members of the class, it was decided to adopt the approach 
outlined in Figure 4.7, and to combine an introductory lesson on the 
basic principles of alternative cnerg> with a simulated case study earned 
out b> the class. The case study involves developing a 50-ycar rolling 
programme for meeting the electricity requirements of the hypothetical 
island of Elaskay (supposedly located somewhere off the west coast of 
Scotland) by exploiting the island's natural energy resources (peat, solar 
energy , wind energy , tidal energy and hydro-clcciric power). It combines 
detailed systematic study of each of the five possible resources by small 
working groups (the linear clement of the exercise) with a plenary session 
in which the various groups report their findings and the class uses these 
to develop a viable rolling programme (the radial element). Each member 
of the class is issued with an introductory sheet describing the scenario 
and structure of the case study , together with resource material specific 
to the particular form of alternative energy he is to examine (a project 
sheet plus a work sheet in which to insert his findings). 

Power for Haaka) has a number of interesting educational features 
that could again be adapted for use in other teaching situations. Its use 
of five parallel case studies feeding into a plenary session allows the 
subject area to be studied both in depth and in breadth, and helps to 
foster the development of a wide range of useful skills, including 
analytical, decision-making, inter-personal, communication and debating 
skills. 1 he various teachers and lecturers who carried out field trials of 
the exercise found the peer teaching that takes place in the plenary session 
particularly effective in helping students to gain confidence and 
competence in public speaking. 
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ftgure 4. 7. Schematic structure of Power for hlaskay 
THE POWER STATION GAME 

The Power Station Game (p 144) is a large-scale simulation game that was 
originally developed as a 'mind-broadening* excrute for physics students 
of roughly A-Ievel standard. It is based on the hypothesis that a decision 
has been reached to build a new 2000 MW power station in a certain 
(imaginary) area, the object of the game being to decide what type of 
station to build (coal, oil or nuclear) and where to site it. The participants 
(optimum number 18) are divided into three competing groups, each of 
which has to prepare as strong a case as possible for building one particular 
type of station and draw up detailed proposals for their scheme. The three 
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Figure 4.8. Schematic structure of The Power Station (lame 

teams then present their cases at a pi?nar> session at which an independent 
jury decides which scheme should, be adopted, after which the game is 
completed by holding a simulated public inquiry into the chosen scheme. 
In all, the exercise takes two and a half days to complete. 

The structure of The Power Station Game is shown schematically in 
Tigure 4.8, which clearly demonstrates the composite nature of the 
exercise. The game falls into five distinct phases, each of which is designed 
to achieve a different set of educational aims and objectives. In the first 
phase (which precedes the game proper), the participants are given an 
introductory booklet to study at home. This contains a general description 
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of the electricity generation process, and is designed to give them the 
background knowledge needed to play the game effectively. 

In the second pha>e ol the game, the students (now divided into three 
_ competing groups) have to carry out a series of technical calculations on 
their particular station, These are designed to show the relevance of physics 
to an important real-hfe situation, to provide experience of the 
interpretation of realistic data and to give them a feel for handling large 
numbers. I hey involve working out the energy losses at each stage of the 
generation process, calculating the tuel and cooling water requirements of 

the stations, and determining the rates at which waste products are 

produced. The calculations take roughly three hours to complete and 
constitute the mam scientific content of the game. 

In the third phase of the game, the three groups have to prepare the 
cases for their respective stations. This involves calculating the capital and 
running costs, choosing the most suitable site and lay-out, and examining 
the cases likely to be nude for the two rival stations with a view to 
identity ing possible weaknesses. These three tasks are carried out by 
working subgroups, which then re-combine so that the groups can draw 
up their final proposals and decide how best to present them at the 
plenary session. This phase of the game is designed to achieve a wide 
range ot educational objectives, both cognitive and affective, including 
the cultivation ot decision-making and inier-personal skills and the 
demonstration ot the need forettective cross-disciplinary co-operation m 
tackling a complicated problem like the design of a power station. 

The fourth phase of the game consists of the plenary session at which 
the three groups present and detend their cases. Here, the participants can 
develop their public-speak mg and debating skills, and also learn to 
appreciate that real life problems seldom have clear-cut solutions (the 
game is tuned in such a way that equally strong cases can be made out 
for all three types of station) 

The final phase of The Power Station Game consists of a simulated 
public inquiry at which representatives of the team that had their scheme 
adopted have to defend it afamst the various objections inevitably raised 
when any major industrial development is proposed. It is also designed to 
help the participants develop then ablic-speaking and debating skills, and 
make them aware of the large nunibci of social, environmental, amenity 
and other factors which must be taken into consideration before a final 
decision can be reached regarding a project like the construction of a 
power station. In addition, it is designed to make them realize that a 
given situation can be viewed in a number ot ways, and thus make them 
readier to appreciate the points of view of other people. 

Although primarily a physics-based exercise, the multi-disciplinary 
nature of The Power Station Game makes it suitable for use in a wide 
range of educational situations. Since its publication in 1976, it has been 
used as a case study with science and engineering students in schools, 
colleges and universities in all parts of the world, 53 * 61 and has also been 
extensively used with nun science students as a vehicle for demonstrating 
^ the social relevance of science and technology 54 (this can be done by 
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missing out the technical calculations). A simplified version of the game has 
also been developed for use in the Association for Science Education's 
Science in Society course for schools (see p 140), In addition, The 
Power Station Game has stimulated the development of a large number 
of further science- and engineering-based exercises. 53,62 For example, the 
great popularity of its public inquiry phase during field trials prompted 
three members of the team who developed the game to produce a separate 
exercise based solely on such a simulated public inquiry , 16 ** 3 this has 
itself since been published in two different formats (see pp 166 and 169), 
and has proved extremely successful. 

Multi-project exercises 

A second group of manual exercises that cannot be classified simply as 
linear or radial are those containing more than one project. The individual 
exercises that make up such multi-project packs can, however, generally 
be assigned to one or other of these classes, although some belong to the 
class of composite exercises just examined. 

Multi-project exercises have two basic characteristics that make them 
useful from an educational point of view. First, they allow a single set of 
resource materials to be used in a variety of different teaching situations, 
the teacher or lecturer being able to seleet the project most suited to his 
particular needs. Second, the multi-disciplinary nature of many exercises 
of this type often allows them to be used ih the teaching of more than 
one subject. These features will now be illustrated by examining two 
specific multi-project exercises, namely the Central Heating Game and 
Hydro power. 

CENTRAL HEATING GAME ^ 

The Central Heating Game (p l JO) is a mult i -disciplinary multi project 
pack based on the general theme of domestic central heating and 
insulation. 76 Although the pack has us basis in physics, the five projects 
included in the package can also be used in the teaching of a wide range 
of other subjects (including architecture, economics, engineering, home 
economics, general studies and science in society) at both upper 
secondary and tertiary levels. Kach of the five projects takes roughly two 
hours to complete. 

The Central Heating Game is a self-contained package containing all 
the resource materials needed to use it with a class of up to 24 people 
plus a comprehensive teacher's guide giving full instructions on how to 
run the various projects. The resource material consists of the following 

- 24 copies of an introductory booklet entitled 4 General Information 
about Central Heating*. This serves as an introduction to all five 
projects, 

- 12 copies of Bungalow Sheet 1 (which gives detailed architectural 
and structural information about the bungalow that is used as a 
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basis for the various projects); 

12 copies of Bungalow Sheet 2 (which gives detailed technical data 
on the various central heating and insulation systems that can be 
used in the bungalow); 

- 12 copies of Bungalow Sheet 3 (which gives detailed economic data 
on these central heating systems and insulation methods); 

- 12 copies each of Project Sheets 1(a), 1(b), 1(c) and 1(d) (which 
serve as work sheets for the various stages of Project 1); 

- 12 copies each of Project Sheets 2(a) and 2(o) (which serve as 
work sheets for the two stages of Project 2); 

- 6 copies of Project Sheet 3; 



- 3 copies of Project Sheet 5. 

The logistical principle behind the Central Heating Game is the use of 
a single set of resource materials (the introductory booklet and three 
bungalow sheets) as the basis of five different projects, each of which deals 
with the general theme of domestic central heating, but enables a different 
aspect of the subject to be examined. The way in which this is done will 
now be illustrated by describing the five projects briefly. 

Project I. This project (which has already been examined in detail in 
the section on linear exercises) is a progressive technical case study that 
effectively involves using the data in Bungalow Sheet 1 to derive that in 
Bungalow Sheet 2. It is designed for use in the teaching of physics, 
engineering, architecture, home economics and science in society. 

Pro feet 2. This is also a progressive case study, dealing with the 
economic aspects of central heating and insulation, it involves using the 
data in Bungalow Sheet 2 to derive that in Bungalow Sheet 3. The project 
is designed for use in the teaching of economics, general studies and 
science in society. As in Project 1, the class works singly or in pairs. 

Project J. This is an evaluative case study that involves using the 
information and data given in the introductory booklet and bungalow 
sheets as a basis for (a) choosing the most suitable central heating system 
for the house and (b) appraising the cost effectiveness of the different 
insulation measures. It is designed for use in the teaching of home 
economics, economics, general studies, architecture and science in society. 
The students woik in small co-operative groups, each containing four to 
six people. 

Project 4. This is a role-playing exercise simulating consumer research 
carried out by two separate groups, each comprising half the class. Each 
group is issued with copies of ail the resource material, and has the task 
of questioning a 'householder* (assumed to be the owner of the bungalow) 
in order to determine the central heating system best suited to his or her 
particular requirements. The project is designed for use in the teaching of 
home economics, economics, general studies and science in society. 

Project 5 This is a simulation game in which three competing groups 
(each comprising one third of the class) try to persuade the managing 
director of a building firm to use a central heating system based on their 
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particular fuel (solid fuel, oil or electricity) in a new housing estate. The 
three groups arc again given copies of all the resource materia. The 
project is designed tor use in the teaching of home economics, economics, 
architecture, general studies and science in society. 

The above descriptions illustrate the versatility and flexibility of the 
multi-project pack format. Suppose, for example, that a teacher wished 
to use the pack in a science in society-ty pe course. Such a teacher would 
have the choice of getting his pupils to carry out five complete ly different 
types of exercise, namely; 

* 

1. A detailed technical case study, involving physics based calculations. 

2. A detailed economic case study, again involving calculations. 
3 V A comparative case study involving no calculations. 

4. A r >lc-playing exercise simulating consumer research. 

5. A highly competitive^ Power Station Game-type simulation game. 

HYDROFOWKR 

Hwlro power (p 134) is another multi disciplinary multi-project pack, this 
time dealing with the theme? of hy dro-clectnc pumped storage (the system 
whereb) electricity surplus tu requirements during times of low demand 
is used to pump water from a low-level to a high-level reservoir, thus 
effectively 'storing' the electricity for later use during times of high 
demand). Like the Central Heating dame, it has its main basis in physics, 
but it can be used in the teaching of a wide range of other subjects 
(including geography , modern studies, science in society, engineering 
and economics) at both upptr secondary and tertiary levels. The projects 
vary in length from one to thiee hours. 

Hydro power had its origins in the Hydropower 77 inter-school 
competition run by the North of Scotland Hydro-Electric Hoard in 
1976-77 67|M (sec Chapter 2). This was based on an extended multi- 
disciphnary design study in which seams of senior pupils had to examine 
six different potential sites for a 1000 MW hydro-electric pumped storage 
scheme, carry out technical and economic appraisals of the various 
possible schemes, and select the one they felt was the most promising, 
taking account of all relevant technical, economic, r-ographieal, 
environmental and amenity factors. 

While developing the A ccn^no for Hy dropower 77, the project authors 
rcalued that it would make an excellent source of in-depth case studies 
for use in schools a*"**! co^eges at a vane* o^ ^cvcls and a variety of 
disciplines. The competition project was therefore converted into a multi 
project pack containing six basic projects of different types. This was done 
by breaking the original project down into its constituent stages and 
preparing a hierarchy of resource materials (maps and data sheets) giving 
the results obtained at the end of each stage. These maps and data sheets, 
together with various items of introductory material, were thc,n used as 
the basis of the individual projects, a given item sometimes serving as 
initial resource material and sometimes as debriefing material, depending 
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on the nature of ify: project. 

A list of the resource materials contained in the Hydropowcr package 
undu brief description of each of the six projects arc given below, while the 
relationship between the individual projects and the hierarchy of resource 
materials is shown schematically in Figure 4.9. 

List of resource materials 

- 12 copies of an introductory leaflet entitled 4 Background 
Information about Hydro-Electric Pumped Storage*. 

- 3 copies each of four leaflets describing the North of Scotland 
Hydro-Electric Board's pumped storage schemes at Cruachan and 
Foyers and'the Central Electricity Generating Board's schemes at 
Ffestiniog and Dinorwic in North Wales. 

- 6 copies each of three general maps of the area on which the 
scenario is based (showing general topography and communications, 
existing hydro-electric developments and land use). 

- 2 copies each of Site Maps la to 6a, giving detailed geographical 
information about each of the 6 possible pumped storage sites. 
6 copies each of Site Maps lb to 6b, giving the same information as 
in Site Maps la to. 6a plus detailed descriptions of the lay-outs of 
the schemes envisaged for the sites. 

6 copies of Data Sheet 1, giving the basic design parameters of the 
schemes envisaged for the 6 sites. » 

- 6 copies of Data Sheet 2, giving detailed information about the 
dimensions of all underground workings for the various schemes. 

- 6 copies of Data Sheet 3, giving a detailed capital cost breakdown 
for each of the various schemes. 

- 6 copies of Data Sheet 4, giving a breakdown of present and likely 
future operating costs for the schemes. 

- 6 copies of Data Sheet 5, giving cumulative operating costs and an 
overall economic comparison of the various schemes. 

v - 6 copies each of Project Sheets 1 to 6 (which describe the work 
of the 6 projects). * 

- a teacher's guide, giving detailed instructions on how to run the 
various projects, plus suggestions as to how they could be used as 
a jumping-of f point for further work. „ 

Pesirpptibti of Project /. This project is intended pnmanly for use with * 
geography students, working cither singly or (preferably) in small 
co -operative groups. It consists of a set of six design studies in which the 
geography of each of the six sites has to be examined with a view to 
determining the optimum lay-out and basic design parameters for a 
pumped storage scheme based on that site*^ 

Description of Project 2. This project is designed for use with 
geograph) , modern studies or science in societ) students, again working 
cither alone or in small co operative groups. Each group is issued with a 
complete set of resource materials (except for Data Sheet 5), and has to 
use the information contained therein to carry out a comparative appraisal 
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Description of Projec t 3 This project, which b intended for use with 
modern stutlies or science in souct) classes, is a role-playing exercise 
designed to highlight the conflict between technical and economic factors 
on the one hand and enwronmental and amenity considerat.ons on the 
other that can arise in planning a major dedopment such a pumped 
storage scheme. The class is divided into two competing grovps, one of 
which has to pick the best scheme purel> on technical and economic 
grounds, while the other has to decide which would be least harmful from 
an environmental and amenity point of \iew (the cxereisc has been 
designed in such a way that the two groups should always pick different 
schemes). A debate between the two groups then follows. 

Description of Project 4. This project is primarily designed for use with 
economics students, working either singly or in small co-operative groups. 
- Like Project 1, it consists of a set of six case studies in which the capital 
and operating costs of each of the six possible schemes have to be 
determined. 

Description of Project 5. This project, which is again primarily 
designed for use with economics students, is a critical comparative study 
that involves determining the best scheme from a purely economic point 
of view. Like the prc\ious project, the students can either work on their 
own or as small co-operative groups. 

Description of Project 6. This, the longest project in the pack, consists 
of six extended design studies m which (a) the basic design parameters 
and (b) the dimensions of the underground workings have to be 
determined for the six possible schemes. Kach case study is divided into 
two sections in such j way that a class can either tackle both sections 
end on or limit work to one or the other. The project is designed for use 
with physics ur engineering students, again working cither singly or in 
small co-operative groups. 

Hydropower is a good example of the way in which a highly complex 
ami demanding multi-disciplinary case study can, by use -of the multi- 
project structure, be broken down into smaller projects Suitable for use 
in the teaching of the \arious academic subjects on which the case study 
is based. Like the Central Heating Game, it also shows how a wide range 
of different projects can be based on a common set of resource materials. 
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Chapter y \^ 

Computer-based exercises 



Apart from its obvious role as a 'supcrcalculator', there are two basic ways 
in which the computer can contribute to the teaching/learning process, 
namely as a tutorial teaching machine and as a laboratory-substitute. 

In the 'tutor' mode, the student interacts with the computer, which is 
programmed to react to responses to questions that it sets. This style of 
learning is directly descended from the programmed instruction movement 
of the 1950s and 1960s. It is essential!) similar to branching programmed . 
learning, but is capable of being much more sophisticated than the latter 
because of the greater flexibility and data handling capacity of computers 
compared with teaching machines or programmed texts. 

In the 'laboratory' mode, the computer is essentially a learning resource 
rather than a direct teaching device. Basically, it simulates a laboratory 
situation, being used to model experiments, provide data bases, set 
problem-solving exercises, ami so on. Using the computer, students can, 
for example, find out what happens to physical, chemical, biological or 
industrial systems under varying conditions that they themselves specify, 
thus providing much greater flexibility than would ever be practicable in 
a conventional laboratory. 

The computer can, of course, also be used in a combination of these , 
two basic roles, and many of the most useful computer-assisted learning 
exerwses do in fact incorporate both forms of usage. The five 'laboratory' 
simulations described in this chapter, for example, all have a certain 
amount of 'tutorial' element m their structure. 

In Britain, a five-year government-funded National Development 
Programme in Computer Assisted Learning (NDPCAL) was completed in 
19"? at a cost of around £2.5 million. 54 The programme consisted of 
over 30 separate projects, covering a wide range of disciplines. Many of the 
projects involved several colleges and universities working co-operatively. 
The science-based projects generated material in botb.thc tutor and the 
laboratory modes. 

In this chapter, we will consider some of the laboratory mode exercises, 
since these have the closest links with the gaming/simulation/casc study 
field. To date, their main use has been in the development of higher 
cognitive skills, including problem-solving and decision-making skills. 
Another reason for concentrating on the laboratory sicjc of computer- 
assisted learning is that this may well be the area in which much of the 
most important future development takes place. The role of the computer 
in education has y et to be firmly established, and it seems doubtful that 
~Q — >utcr~assis:cd learning will ever flourish if it is seen merely as an 
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expensive alternative to the classroom teacher. It it is to become an 
established weapon in uui ulucauonal armour), it is vital that we identify 
and investigate uses to which the computer is uniquely suited. The 
computerized laboratorv simulation ceruinU seems to be one such area. 

In the past, two important restrictions on the widespread use of 
computers m education have been the problems of non-availability of 
hardware and lack ot transterabilit) of software. A turther constraint on 
the use ot some computer simulations has been the necessity to have a 
video display unit available. The various hardware problems are now being 
greatly reduced bv the advent ot cheap, portable and easy-to-use 
microcomputers, whwh will no doubt encourage much more widespread 
adoption of computers into the curricula of schools, colleges and 
universities. The software problem is also becoming progressively less 
serious since man) ot the software packages that have been produced in 
recent \ears are general!) available, and the designers are usuallv only too 
willing to give advice regarding their use and applicability. 

Vs mentioned m Chapter 2, areas in which computer simulations could 
nuke i purticularlv valuable contribution to science education include the 
tollovving 

situations where a conventional experiment is either extremely 
ditticult or impossible. 

situations where experimental apparatus is either not readily 
available or too complicated or expensive for general laboratory 
use; 

situations where actual experimental work could be dangerous, or 
would cause unnecessary suffering, 

situations where a conventional experiment would take an 
unacceptably long time to complete. 

One further wav in which the computer can be used in science-based 
simulation exercises is in the role of the 'manager* ot the exercise. Mere, 
the computer Jtri\ t\ the sequence of work and carries out most of the 
heau calculations, leaving the students free to nuke the various decisions 
that the exercise involve in the course of conventional group discussions. 

Specific examples of the application of computers to each of the above 
areas will now be examined, although it should be realized thai there can, 
in practice, be considerable overlap between the various categories listed. 

Situations where a conventional experiment is either 
extremely difficult or impossible (Satellite Motion) 

An example ot this type of computer simulation is Satellite Motion 
(p 142) - a phvsics-based exercise produced as part of the Computers in 
the Undergraduate Science Curriculum (CUSC) Project in the National 
Development Programme. The program simulates the motion of a 
satellite launched from the earth's surface. 

In the first part of the exercise, the student selects the angular 
momentum of the satellite, and the resultant plots of gravitational 
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potential energy and orbital kinetic energy as functions of radial position 
are displayed on the screen of a graphics terminal. The computer then 
calculates and displays the corresponding orbit. Figure 5.1 shows the 
energy levels and the resulting elliptical orbits for a specified angular 
momentum of the satellite. This part of the program is intended to 
increase the student's understanding of the relationship between the 
angular momentum and energy of a satellite and the shape of the resulting 



Figure 5.1. The energy diagram for a satellite with an angular momentum of 
two 'untts' showing the different energy levels corresponding to three elliptical 
orbits (Satellite Motion). 

The second part of the exercise simulates the trajectory of a satellite 
launched from the earth, and allows the user to change the velocity of the 
satellite after half an orbit has been traced out. The student is encouraged 
to try a variety of different manoeuvres, such as transferring the satellite 
to a higher or lower circular orbit (Hohmann transfer), or making it 
escape from the earth's gravitational field, as shown in Figure 5.2 

It is also possible to extend the scope of the exercise to include, for 
example, the effect of the solar wind on the satellite's motion, or to 
consider the * three-body problem* that results from taking account of the 
moon's gravitational field as well as that of the earth. 

This package simulates an experiment which it would never be 
practicable to perform in real-life. It is an excellent example of the way 
in which the computer can be used to model inaccessible physical 
situations, thus allowing students to gain an insight which would be 
hard to achieve using more conventional methods such as manual 
calculations. ' 
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Figure 5,2: Energy diagrams showing the successive orbits of a satellite that 
eventually escapes from the earth's gravitational field (Satellite Motion). 

Situations where experimental apparatus is either not readily 
available or too complicated or expensive (HABER) 

Many scientific experiments are not carried out in school or college 
laboratories because of the complexity of equipment required or the 
intrinsic difficulty of achieving the desired experimental conditions. 
Examples include experiments in nuclear and particle physics and many 
industrial processes. 

For example, the Haber Process (an industrial chemical process used to 
convert nitrogen and hydrogen into ammonia) is extremely difficult to 
carry out on a laboratory scale due to the high pressures involved. HABER 
(p 161) is a computer simulation which uses a mathematical model of the 
process. It is designed to help students discover the effects of altering 
various conditions (temperature, pressure, catalyst and reactant 
concentration ratios) on the course of the reaction. The package, which 
was produced as part of the Chelsea Science Simulation Project, is 
designed for use at senior secondary and lower tertiary levels. It comes 
in the form of A4 teacher and student booklets. The two-part computer 
program is in BASIC, and is designed to run on most commonly used 
computer systems. 

Investigation 1 looks at the effect of varying temperature, pressure and 
the initial molar ratio of hydrogen to nitrogen on the percentage yield 
of ammonia (ie thermodynamic factors). The student booklet describes 
the prior knowledge that is required in order to carry out the exercise 
effectively. When interacting with the computer, the students enter simple 
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replies to the computer's questions. Figure 5.3 shows a sample print-out, 
with the user's inputs underlined. 

Students follow up this first part of the exercise by carrying out a 
detailed stud> of the Haber industrial process, with the information gained 
from the program being used to answer further questions set in the student 
booklet. 
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/•i£«rt» 5. J Sample pnnt-out from Investigation I of HA BLR program 

IfivtUtgatton 2 looks at the effect ot varying temperature, pressure and 
catalyst on the rate of attaining chemical equilibrium (ic kinetic factors). 

Again the basic pre-knowledge required is detailed. in the student 
booklet. Figure 5.4 shows a sample print-out from this part of the 
program, the user's responses to the questions again being underlined. 

The student concludes the exercise b> answering further questions 
listed in the student booklet. 



Situations where actual experimental work could be 
dangerous, or would cause suffering (DYE) 

If there is a serious risk of accident or health hazard associated with an 
experiment (when working with explosive, highly radioactive or 
extremely toxic substances, for example), or when the subject of the 
experiment (human or animal) might undergo undue suffering, a 
^mp U tcr simulation has obvious advantages. 
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WHICH CAT Al YST 
' 1 * NONE. 
! ?. OSMIUM 

1. TUNGSTEN 

4. MOLYBDENUM 

e .. IRON 

MANC5ANESC D I OX IDF *> Jj 

i 

juHAT IS; THE TEMPERATURE <KEIVINS) ? 700 
WHAT IS THE F'RESSURE (A7M0S) ,£0£ 

INPUT TIME INTERVAl hi TWEEN READINGS ( SECONDS > ? ,001 

I 



TIME X YIELD OF AMMONIA 

(SECB> WITH IRON CATALYST 

0 0 

.001 21.5 

I . 002 29 . 6 

.003 32.2 

.004 33 

CONTINUE '* YES 
SAME INTERVAL ? YES 

. OOS 33 . ? 

.006 33.3 

.007 33.3 

1 .008 33.3 

.009 33.3 

CONTINUE » NO 



Figure 5.4. Sample print-out from Investigation 2 of HABLR program 

An example of this i> pe of simulation is the biology based program 
DYE ip 182) from the Computers in the Undergraduate Science 
Curriculum Project. This is used to teach the principles involved in the 
indicator dilution method for measuring cardiac output. 

The use of a computer simulation for presentation of this topic 
completely eliminates the danger to human or animal life that would be 
associated with an actual experiment. The user selects the amount of 
indicator dye to be injected into a vein, and also how frequently blood 
samples are to be collected from an artery. The program displays the dye 
concentration in these samples as a function of time, and a moveable 
cursor can then be used to determine the area under the graph and hence 
the cardiac output. Figure 5.5 shows a typical display on the graphics 
terminal. In this case, the user decided to sample every second. Using 
the moveable cursor, the co-ordinates of some of the points have been 
printed out, along with the logarithm of the y co-ordinates. 

It is also possible to use the package to become familiar with the 
standard technique for correcting the dye recirculation, by plotting 
values of the logarithm of the concentration against time. First, the 
program sets the cardiac output at a random value between pre-defined 
^mits. The user is then invited to input an estimate of cardiac output, 
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Figure 5,5; Graphics display for cardiac output determination (DYE) 

and, if this is within 5 per cent of the set value, he may proceed to the 
second part of the program. This allows variation (within limits) of some 
of the factors which alter the form of the dye dilution curve (sec 
Figure 5.6). These factors include such things as the size of the heart, the 
volume of the circulation, and the rate of dye injection. The dye dilution 
curve for particular values of cardiac output specified by the user can 
also be displayed 

A further advantage of this particular simulation is that the user has 
far greater control over the variables involved than would ever be the case 
in an actual experiment. 

Situations where a conventional experiment would take 
an unacccptably long time to complete (OPERON) 

In experiments with large time scales (such as investigations into 
population dynamics or work with long-lived radioactive materials), the 
time span can be reduced to manageable proportions by using a computer 
simulation. 

An example from the Computers in the Undergraduate Science 
Curriculum Project is the biology-based simulation OPERON (p 186) 
which looks at the induction of gene activity. In this exercise, the 
Jacob-Monod model of genetu induction is introduced, and is developed 
by means of three options available to the user: 

I, Using a single (pre-defined) bacterial strain. Here, the user selects 
(arbitrarily) one strain from 12 available, and assays this for 
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Figure 5.5: Graphics display for dye dilution curve (DYE) 



enzymic activity cither with or without the inducer. Sampling time, 
total assay time, and time of introduction of the inducer can be 
varied by the user. 

2. Two strains of bacteria arc selected, one as donor and the second as 
recipient. A 'genetic cross* is made, to construct a heterogenote, 
and enzymic activity is again assayed. 

3. Users are invited to create their own bacterial strain, by specifying 
both the order of the genes within the operon and the content of 
the genes. Figure 5.7 shows a teletypewriter output for this part of 
the program. The user defines the gene order and the content of 
the sites in a bacterial strain, then assays for enzyme activity. 

When choosing the desired option, there is an opportunity to type a 
'Help' code which prints out a partial characteristic of each of the 
12 available strains and gives hints on how to choose the donor and 
recipient strains. There are seven classes of results (with two strains), and 
there is an option to allow the 'assay' of cross-reacting material produced 
by mutant structural genes. 

The OPERON package allows the user to combine genetic elements 
at will. Such an option is not usually available to students because of 
technical and time constraints. 
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ir YOU REQUIRE HELP THEN TYPE 999 AFTER THE REQUEST 

YOU CAN £ 

1) ANALYSE A SINGLE DEFINED STRAIN 

2) CROSS TOGETHER TVO DEFINED STRAINS AND ANALYSE 

THE RESULTING H ETEROGENOTE 

OR 

3) CREATE YOUR OWN HETEROGENOTE AND ANALYSE THAT 
V«ICH OPTION (1.2 OR 3) T J. 

{ 

KEEP A RECORD OF YOUR INPUTS 



GENE ORDER 



1) 2--0--I 2> I--0--2 2-STRUCTURAL SITE 

2 ) 0--2--1 4> I--2 — 0 0»OPEKATOR SITE 
5> 0--I--2 5) E--I--0 I "REGULATORY SITE 



WHICH ORDER A) DONOR T 
CONTENTS OF THE SITES 



£ B) RECIPI ENT ? JL 



TYPE INTEGERS 

ABSENT-f i FUNCTIONAL- 1 

MUTANT (NON FUNCTI ONAL) ■ 2 

MUTANT < SUPER-REPRESS0R)«3 REGULATORY SITE ONLY 

STRUCTURAL SITE 

A> DONOR T 1 B> RECIPIENT ? ± 
OPERATOR SITE" 

A) DONOR ? J_ B> RECIPIENT 7 J. 
REGULATORY SITE- 

A) DONOR ? 2 B> RECIPIENT ? X 

TOTAL TIME OF ENZYME ASSAY 

< I » 15S MlNS) ? lg| 

MlNS BETWEEN SAMPLES 

(I » 69 MtNS> ? 12 

DO YOU WANT THE INDUCER 

(TYPE 1 FOR YES 2 FOR NO> ? J. 

AT WHAT TIME DO YOU VAST THE INDUCER 
-tTROM 1 TO 189 MlNS) ? 1 5 



TIME 
(MINS> 

• 

12 

24 

36 

45 

69 

72 

34 

96 

106 

129 



RATE OF IN2YME 
PRODUCTION 
0 
0 

3*6 

0.4 

10 

7.9 

4. 5 

2*9 

1*5 

.56 

.49 



INDUCER ADDED AFTER IS MlNS 
UHICH OPTl 3.4 < 1, 2 OR 3) * 



Figure 5,7 teletypewriter output from QPhRQN 
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Computer-managed simulations (The Alkali Industry) 

^ Although by tai (Ik most common tutu lion that computers tuliil in the 
\ simulation field is that ol an interact i\c teaching resource (as m the 
examples described so tar), they have also occasional!) been used in a 
, m><nj£%rut role. Here, the computer is used loJirat the sequence of 
vvor\ (and carry out most ot the heavx calculations) in what was originally 
a manual simulation or case study * s 

One problem often experienced by designers ami users of industrial 
simulation!* ts that stun exercises generally have to be greatly simplified 
iri\ order to enable them to tit into the relatively short periods of tunc 
available tor their completion, rhis simplification can, in extreme cases, 
rob. the simulation ot much of t;s realism and vitality . In order to allow 
students more time tor guutp discussion and decision making, computerized 
versions ot a number ol cxeuiscs ot this type have now been produced. In 
thesc^ the problem ot oversimplification need not arise, since the 
computer can take over the main calculation burden. 

An example of an exercise th.»t has been converted in tins way is 
Ihc Alkali Industry <p 173) which was originally developed in the 
InivcrsUy ot (das^ow as a manual simulation. The exe" ise is based on 
>c exploitation ol a hypothetical tmd ot salt deposits, supposedly located 
in the Scottish count v ot Dumfries. 

1 he amount ot calculation originally needed to form the basis of the 
decision nuking process tended to obscure the main purpose of the 
exercise. c\en at first j cai undergraduate level. By adapting the exercise 
to the computer, however, it has been possible not only to overcome this 
inherent difficulty, but also to scale the simulation down, while still 
retaining its essential realism. I his has allowed it to be used successfully 
with secondary school pupils aged 1 5 and over. 

The computerized simulation has more or less the same structure as the 
inguul. and also has the same basic educational aims. The program is 
written in 1 x (ended llASft. and consists ot six sub programs. The entire 
exercise takes around three hours to complete. 

During the course ot the simulation, the students make a series ot 
decisions based on the assumption that the salt will be used to produce 
whom carbonate and related compounds. I irst, they choose a site tor the 
proposed plant, then decide (on the b„si\ ot known demands tor sodium 
carbonate, sodium hydroxide and chlorine extrapolated to the year 2000) 
when construction work should start. 

These tasks were originally done manually but. m the computerized 
version, they are ^mpletcd using sub program 1 . "Ibis predicts demands 
t »r The three commodities tor any year up to 2000, and also calculates 
the rununum capacity that the students' plant should have in that year. 

I- or the purpose ot the simulation, it is assumed that there are two 
possible processes wjicrebv the required products may be manufactured, 
namelv the W,.ii .mil ( r kti!»u r processes. Sub-program 2 enables 
the capital costs o\ plants ot different capacity to be calculated tor the 
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two processes, both for new 'grccnficld 1 sites and for sites that have 
already been developed. 

Having custcd the proposed plain, material costs are now calculated. 
This pact of the exercise is not computerized, since it was fch that the 
students would gain more by working out these costs for themselves. 
At the end of this section, the students arc expected to have calculated 
the total profit (using >>oth the Solvay and the CastnerKellncr processes) 
on the sale of one tonne of sodium carbonate and its marketable 
by-produets. 

Next, the students have to decide on the best method of production 
b> drawing up cash flow diagram*. Data .ire fed into the computer, whose 
output comes in the furm of two columns headed 'Year 1 and *Toial 
Profit*. This information is then converted into a cash-flow graph b> 
the students. 

Sub-program 4 allows the upturn of a pilot plant being built before the 
major plant, thus enabling the effect of this on the cash flow diagram to 
be investigated. 

Sub programs 5 .ind6 describe two refinements which have been added 
to the original co n tentot the exercise. Maying produced an optimum 
cash flow diagram, students can use sab program 5 to cost the same plant 
on the basii of the figures for 1969, Thcv can therefore investigate the 
financial consciences of making the same decisions in that year. This 
enables the students tusce (hat a combination of inflation ami rapidly 
rising energ} costs have resulted in a relative shift in profuabilit) from 
the Castner Kellncr process to the Sol\a> process over the intervening 
period. 

One of the- major alkali production processes now used in lfrriiatnjs the 
Jutphragmxttt process whulf overcomes the mercurv pollution problems 
associated with the Ostncr kellner process. Sub program 6 allows students 
to work out the cost ot a diaphragm cell plant of known capacity, and 
also to calculate the associated material costs. 

The exercise concludes with a general discussion section, covering the 
effects of the students' decisions on the enuronmcnt, cmplo\ mcnt, and 
profit. A balance has then to be found between these conflicting factors, 

A comparative cxaluation has shown llui students ^eem to prefer the 
computerised \ersionol The Alkali Industrv to the original manual 
\crsum. No serious Jifiiuilties ha\e been encountered in connection 
with the use of teletype computer terminals, and the exercise has now 
been successful!;, used with a wide range of students - from chenustrv 
undergraduates dow n to 1 $ >cuxJ>ld sdioolchtldren. It could serve as a 
useful paradigm for similar conversion ot other exercises. 
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Chapter 6: 

Selecting, adapting and using existing 
exercises 



Having established why science-based garnes, simulations and case studies 
arc educational!) useful and examined the different types of exercise, we 
shall now turn to a number of more practical topics. This chapter will 
deal with the range of materials currently generally available, suggesting 
how exercises can be selected for specific educational purposes and, if 
not exactly suitable in theic original form, adapted to meet the exact 
requirements of the user. It will then offer advice on how such exercises J 
can be used to best effect in teaching. Chapter 7 will show how teachers 
and Icctutus can design their own games, simulations and case studies if 
wjut they want is not already available. Finally , Chapter 8 will discuss 
the evaluation of gaming and simulation materials. 

Selecting exercises for specific purposes 

When selecting a science-based game, simulation or case study for a 
particular educational purpose, it is necessary to ask oneself a number 
of basic questions. Many of these may seen) obvious, especially to readers 
who have some familiarity with the medium, but it is felt necessary to 
spell them out in detail because of the importance of correct selection in 
ensuring that intended educational outcomes are in fact properly 
achieved. 

The selection process can be conveniently divided into three stages, 
the first of which is the determination of the broad purpose for which 
the exercise is to be used. This can be done using the algorithm given 
in Figure 6.1, winch is. we hope, self-explanatory. 

The second stage of the selection process is the identification of 
exercises that might be suitable for the purpose in mind. This can he 
done by using the lists (in Figures 6.2 to 6.6) to which the potential user 
is directed by the algorithm or, in some cases, by carrying out a 
systematic search through the appropriate section of Part 2. 

The third and final stage involves examining the various possible 
exercises identified »n the second stage in order to determine which (if 
any ) is best suited to fulfil the specific role the potential user has in mind. 
This can be done by referring to the data sheets contained in Part 2, 
which provide detailed information about all commercially (or otherwise 
generally ) available science-based exercises known to the authors at the 
time of writing. 
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Njudc of exercise 


Hirnwt 


A 


re range for 


which exercise is suitable 
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12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 




Safety Snake* and Udders 
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Planetary Motion 
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Alternative r-ncrg> Project 
Power Station Project 
Central Heating Project 
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i 



Name of cxercitf 



Format 



Age range for which exercise k suitable 



12 13 14 15 16 17 lg 19 20 21 22 



Pajc 



Safety Snakes and Ladders 


Board 


Formulon 


Card 


Elements 


Board 


l«ab> Apparatus 


Card 


Vitamins 


Card 


Mole Hmgo 


Manual 


lomcs 


Card 


Chemwoes 


Card 


Compounds 


Card 


KIcment Cards 


Card 


Choosing an Anaesthetic 


Manual 


hlemcnts in thejharth 


Manual 


hnctgf tor the Future 


Manual 


Isotopes 


Manual 


Magnesium from the Sea 


Mznual 


A Fertiliser to Order 


Manual 


A Problem for the Chemist 


.Manual 


Chcni Cubes Elements 


Manual 


Chcm Chex 


Board 


#"*t- _____ T,_l, 

Lncm i raK 


Board 


Chcni Bingo 


Manual 


Chemical Families 


Board 


Chemistry in Our 1 ivcs 


Manual 


Choose a 1* ibre 


Manual 


Contact with v leaner Air 


Manual 


Competition \mong the Metals 


Board 


LJiv-solving a t lobleni 


Manual 


Energy - Past Present 




and Future 


Manual 


Focus on Lead 


Manual 


Ironi Visible to invisible 


Manual 


Link Up 


Board 


Mole Poker 


Card 


Metals at Work 


Manual 


Polar or Ionic 5 


Manual 


Properties andSul>stances 


Card 


Solubility and Successful 




Separations * 


Manual 


Science Sense 


Hoard 


The Fertiliser Problem 


Manual 


i ne r vl Mory 


Manual 


The Sulphuric Acid i>tory 


Manual 


What is an Explosive' 


Manual 


The Young Chemist 


Board 


Reaction Chemistry's 




Alphabet 


Board 


Chemical Crosswords 


Manual 


The I'ncrgy Problem 


Manual 


Kates of Reaction 


Computer 


The Manufacture of 


Sulphuric Aud * 


Computer 


Ekofisk - One of a Kind 


Manual 



Figure 6.3; Hxerctses suitable for use tn teaching chemistry 
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Nunc of i- \cr UK- 



Age range for -which exertbe is suitable 



P«*c 



6 17 18 |9 20 21 22 



The Protein Problem 

Take Nour Chouc 

Ca*e Muda-* m Chemical 

I ngineenng 
C hemi>trv C ase Studie* 
Isotopes in Out I ive> 
Public Im}uir> Projett 
Chemical I lenient Came 
Dental Health Project 
I lectrothemual C ells 
Homogeneous hquilibnum 
(lis Chromatography 
lattice frnerp, 
MABFR 
KKiSJ 1 
Point Fields 
The Alkali InoWn 
Fluoridation 3 
Proteins as Human 1 ood 
Chen j» \ n 

Whit Happen*. When lhe (ias 

Rons Out? 
lhe Atnsv n Problem 
Particle in a Potential Well 
RASDOM 
Batch or I low 
PBAKR 

psn P 

PW 1 I L 
Poly water 



Manual 
Manual 

Manual 

Manual 

Manual 

Manual 

Computer 

Manual 

Computer 

Compu tcr 

Computer 

Computer 

( omputcr 

( omputer 

Manual 

( omputi r 

Manual 

Manual 

( aril 

Manual 
Manual 
C omputer 
Computer 
Manual 
C omputer 
( omputer 
( omputer 
Manual 



175 
172 

146 
150 
162 
109 
149 
193 
156 
161 
160 
163 
161 
171 
166 
173 
194 
168 
151 

177 
173 
166 
170 
146 
137 
141 
141 
167 



Figure 6.3 (continued) 
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N4MIC of b XCUliC 


Tomut 


Gaiety 5IUk<> IDu Ladders 


Board 




Board 


l»j.fc> Apparatus 


Card 


V it .uiii n\ 


Card 




Card 




Board 


f 1 u man I* ncrjjv i xpcruiitvirc 


C onipuicr 


The Ah A limit l\. 




f 1 k,* 1 1 J 1 l/uin LI j.-ti 

v • nc i>«ui<xjn f\Jii t 


B >ard 




Board 


rhc(»rcai Bloo J Kin 




1 ] OMltiX JUOll 


Board 


invasion ^^liiro^cs? 


Board 






J rjrvsport in Plinth 


Board 


1 J h >lo^\ C ros%w o r %1% 


\linuai 


Kill 1)11 \ \_# 1 


( omputcr 


1 H A\SIM W \ 1 tt IV 
l r\ *\ > ^1 lf\ \ 1 l\ ' > 


(. omputcr 


The Dead Kiver 


JM U 4 ! 


Breakdown j I^s^cm (Hi 






B jard 


\ u i niton 


Board 


I he I'fotcii) I'r > 1 1> it. id 


Manual 


I ounicf v urrcr>t N \ sii ntv 


1 ornp utc r 


I'ond t t,*>iojj\ 


C omputcr 


l*t editor- Put Kc 1 .t t ikMivM i p% 


1 orn p u ic r 


.i (l^tii ■» T > i f liioio^ivls 


( omputcr 


l/Vltli 1 K 4*111 1 r|),cil 


Mamu! 


( 1)1' I 


C omputcr 


< O MHf 1 t 


( omputcr 


1 N/klN. 


C omputcr 


b \ Ol I I 


( omputt r 


1 IV V(|\ I I) 




1 1 ii i>t ii \ \ 1 1 * \ n ' 


Manual 


I'rolcins As t Lii'i.tn 1 ond 




I ho RiJpcst i ilr 


Manual 


N.trth s<-» ( Siliin^i 


Manual 


t IKt 


( onipu:cr 


1)N I 


( omputcr 


OP1 RON 


( ornputcr 


Mild 


( ornputcr 




( omputcr 




/ tgure b.4 I xerctsa suitable for use in tea* hmg biology 
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Najik of exercuc 


1 orniat 


Age range toi which exercise is suitable 


Page 






1 1 


13 


14 


15 


16 


17 


18 


19 


20 


21 


2 "> 




Alternative b nergy Project 
Centra] Heating Project 
Power Station Project 
i entrai Heating t#amc 
Power tor I laski\ 
The Power Station (.«aiiic 


Manual 
Manual 
Manual 
























129 
131 




































































140 

no 

139 


Manual 
Manual 

Manual 














































144 
134 
























Hvdro power 
























ibfmiiin run J c x« r, 
Energy for jbc Hutrire 
-^OoMng 411 Anaesihetiv 


- - 
























158 
153 


Manual 
Manual 
























1 icnientx in the hnh 
Isotopes 

Magnesium from the Sea 
A Fertiliser to Order 


Manual 
Manual 
























1 57 
162 
164 
145 
145 
151 
























Manual 
























Manual 
Manual 
Manual 
Manual 
Manual 
Manual 

Manual 
























\ Problem tor the ( hemist 
Chennstrv m Our Live* 
Choose a Fibre 
contact with Cleaner \ir 
Div solving a Problem 
t nerp- Pivi, Present 














































153 
























155 
























155 
158 
























am! 1 uture 
1 <kus on 1 ca»i 
1 rom Visible to Invisible 
Metals at Work 
Polar or loniv 5 
Solubility anj Successful 

Separations 
The t ertiliser Problem 
The PVi. Storv / 
The S ilphune Acid StorV 
What is an Fxplosixc 5 
The r-nergx Problem 
























158 


.Manual 
























160 
165 
167 

172 
174 
176 
176 
178 
174 


Manual 
Manual 
Manual 

Manual 
Manual 
Manual 
Manual 
Manual 
Manual 
Manual 








































































































































































































175 


The Protein Problem 
Take Your Choice 
Isotopes in Our Lives 
Publiv Inquiry Project ** 
Point 1' it Ids 
The Alkali Industry 
Proteins as Human l*ood 
What Happens When I he (.as 

Runs Out 5 
The Amsyn Problem 
























172 


Manual 
Manual 
Manual 
Manual 
C omputer 
























162 
























169 
























166 
























173 
168 
























Manual 

Manual 
Manual 
Manual 
























177 
173 














































146 


Batch or Row 
Pol> water 
























167 


Manual 




























Manual 
Manual 
























189 
190 


The DeaJ Kiver 
The Ridpest 1 lie 
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Name of Excrcuc 


Format 


Age range for which exercise » suitable 


Page 


12 


U 


H 


15 


16 


17 


118 


19 


20 


21 


22 


Otbtr txeraifs 
Space Colony 
389/Scicnce Concepts 
Offshore Oil Board Game 
Dental Health Project 
Fluoridation? 
North Sea Challenge 


Board 

Card 

Board 

Manual 

Manual 

Manual 
























199 
198 
S94 
19J 
194 
196 
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Name of e\erci*c 


1' or nut 


Age range for which exercise is suitable 


Page 






12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 




PbyiufbusrJ e.xemses 
Alternative bnergy Projct 
Central Heating Project 
Ptmer Station' Pioject 
Central Heating Came 
Pov.er tor Haskay 
The Power Station Came 
HyJropov*er 


Manoal 
Man oil 
Manual 
























129 
























131 
140 
130 
























Manual 
Manoal 
Manual 
Manual 














































139 
144 




































































134 


\ ne'rgv tor the Kuture 
Choosing an Anaesthetic 
Hemerm in the barth 
Isotopes 

Magnesiom from the Sea 
A fertiliser to Order 
A Problem for the ( he mist 
Chenmtry in our 1 is cs 
Choose a hbre 
Contact w>th Cleaner \ir 
Dissolving a Problem 
1 nergy Past, Prevent 

and 1 mure 
K\us on lead 
1 rem Visible to Invisible 


Manual 
Manoal 
Manual 
Manual 
Manual 
Manual 
Manual 
Manual 
Manual 
Manual 
Manual 

Manual 
Manual 
Manual 
























158 
1S3 
157 
162 
164 
145 
145 
151 
153 
155 
155 

158 
158 
160 
165 
167 

172 
174 
































































































































































































































































































Metals at Work 
Polar or lonu s 


Manual 
Manual 
























Solubility and Su^evsful 

Separations 
The fertiliser Problem 
The PVC Story 
The Sulphuric Acid Sum 
What Is An Explosive* 
The Fnergy Problem 
The Manufacture of Sulphuric 

Acid 


Manual 
























Manual 














































176 
176 
178 
174 


Manual 
Manual 
Manual 
Manoal 

Computer 
Manual 


























































































175 


The Protein Problem 
























175 


























172 
150 


Take Yoor Choice 
Chemistry Case Studies 
Case Studies in Chemical 

Engineering 
Isotopes in Our Lives 
Public Inquiry Project 
Point Kields 
. HABl.K 

The Alkali Industry 
Proteins as Ho man Pood 
What Happens When The Gas 


Manoal 
Manual 














































146 
162 


Manual 

Manual 

Manoal 

Manual 

Computer 

Computer 














































169 
























166 
























161 
























173 
168 

177 
173 
146 
167 
























Manual 
Manual 
























> KonsOut> 
The Armyn Problem 
























Manual 
























Batch or Flow 


Manual 
Manoal 
























Polv water 
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Name of cxm >»c 


h or mat 


Age range for which exercise is suitable 


Page 


u 


U 


U 


15 


16 


17 


18 


19 


20 


21 


22 




Board 

Manual 

Manual 
























180 
189 
190 


Classification 
The Dead River 
lhe Kidpest HIc 
































Othrr trxt rii i( \ 

bpace Colony 

Lab Apparatus 

hkohsk One ol 4 Kind 

)89/$eieiKe Concepts 

Geologic Tim** C Iiari i»aine 

Offshore Oil Hoard Oaine 

IVrntaJ Health Project 

Queries *n* Theories 

fluoridation* 

North Sea ( hallciijic 


Hoard 

( ard 

Ma.iu.al 

C ard 

Hoard 

Hoard 

Manual 

Hoard 

Manual 

Manual 
























199 
195 
193 
198 
1 95 
196 
193 
197 
194 
196 
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I he selection process can best be illustrated by looking at specific 
examples. 

EXAMPLE 1 

A teacher of chemistry in a secondary school wishes to find an exercise 
suitable tor use m reinforcing basic work on the formation of ionic and 
covalent compounds with a class o£ 12 to 13 year olds. The exercise must 
be inexpensive (because his funds are strictly limited), relatively short (so 
that it can be casil) fitted into the curriculum), and fairly simple (because 
his pupils arc not of the highest academic calibre). Also, it must be manual 
rather than computer-based, since he does not have multiple access to 
computer facilities. 

Stage I On referring to Figure 6.1 (the basic algorithm), the teacher is 
immediately directed to Figure 6.3 by answering 'yes* and 1 chemistry 1 to 
the first two questions. 

Stage 2. On referring to Figure 6.3, the teacher finds a list of all 
currently available exercises suitable for use in teaching chemistry that 
show*, for each exercise, (a) the format (card game, board game, manual 
exercise or computer based exercise), (b) the range of *\gcs over which it 
can be used, and (c) the page reterence in Part 2. From this, he draws up 
the following short list of exercises of the appropriate level and format 
whose names indicate that they might be the sort of thing he is looking for. 

Formulon(p 159) Cheminoes (p 1 50) 
Elements (p 157) Compounds (p 154) 
Ionics (p 162) Element Cards (p 156) 

Stage J. The teacher now refers to the datasheets on these exercises 
and reaches the following conclusions about each. 

lormulon a simple, inexpensive card game dealing with the 
formation of ionic and covalent compounds. It therefore appears to be 
ideally suitable. 

Elements a simple board game designed to reinforce class work on 
the periodic table. It does not deal with the formation of compounds, 
however, and is therefore unsuitable. 

lontis a card game dealing with tome formulae and equations only. 
It is therefore-unsuitable. 

Cbt muun s a simple, inexpensive dommues-type game dealing with 
the formation of ionic and covalent compounds. It therefore appears to 
be ideally suitable for \hc purpose the teacher lias in mind. 

Compounds a simple game designed to reinforce work on the 
formation of basic chemic.il compounds. It therefore appears to be ideally 
suitable. 

Elenu tit CarJs a multi -purpose family of card games dealing with the 
properties of the elements, but not speuficall) with the way in which they 
combine to form compounds. It is therefore unsuitable. 

Thus, it is apparent that there are three exercises (Formulon, 
O 
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Cham noes ,nui Compounds) which could be used in the rule envisaged bv 
our teacher lie dunild (hue ton obtain specimen or inspection copies of 
each ot the exercises ho tote re.uhing a tinut deusion on which to buv as 
a class set. 



FXAMPI.K 2 

A phvsics teacher m a large comprehensive school wants a 'mind- 
broadening' exercise to use with a class ot 16 highlv able skx^h-tormors in 
the pcriud mi media tel\ alter their A level examinations. Naturallv, he 
wants it to have .\ basis m phvsics. but his mam ami is to develop data- 
h nulling, analv tical decision making, communication and debating skills. 
1 here is no tight limit on the time available, and he has up to £50 to spend. 

Sftt^i / Reference to I igure 6.1 directs the teacher to Figure 6.5 by 
answering 'no' and 'ves' respeuuelv to the first two questions. 

.Stojft' 2 On ret erring to I igure 6.5, which lists exercises suitable for 
educating 'through' science, he tinds a number ot phvsics based exercises 
ot the appropriate level 

Alternative Fnergy Project (p I 29) 
Central Heating Project (p 131) 
Power Station Projeet (p 140) 
Central Heating (iame(p 1 3,0) 
Power tor Flaskay (p 139) 
The Power Station Came (p 144) 
Hvdropower (p 1 34) 

Stagt X Hit teacher now refers to the data sheets on these exercises, 
and reaches the following conclusions about each. 

\lter>utnt' I nergy l*rojt\t, ttutntl Heating Projt't r. Poxvt'r Station 
/Vu/tt t all turn out to be simplified, shortened versions of other 
exercises, with most ot their 'hard 1 phvsics content removed m order to 
make them suitable tor use with pupils who lack a rigorous phvsics 
background, l hcv can therefore he eliminated immediate!) since, even 
if suitable for the purpose that our teacher has m mind, the original 
versions vvouid be even mor suitable. 

Lett t rat Hi'Ming dame a manual multi disciplinary multi project 
pack containing five projects dealing with different aspects ot domestic 
central heating and insulation. The main phvsics-based project is, however, 
a straightforward technical case stud) carried out bv pupils working either 
singlv or in pairs, and is therefore not suitable for cultivating 
Communication or debating skills.' 

Poxvtr for llaska} a manual simulated case study on alt *rnative 
energv which is highlv interactive and involves fairh length) phvsics hased 
cajculations. It takes roughlv three hours to complete and costs £7 for a 
class set. It thus appears to be ideallv suited to the sort of usage our teacher 
has in mind. 

The Poxier Station (lame a manual simulation game based on the 
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planning of a large powej station. It involve length) physics based 
calculations and is highly interactive. It takes roughly two and a half days 
to complete and costs £25 tor a class set. Again, it appears to be ideally 
suitable. 

HyJrupo\er ' another manual multi-disciplinary multi-project pack, 
this time dealing with the topic of hydro-clcanc pumped storage. The 
mam phvsics based project again turns out to be a relatively non -interactive 
technical cascsrudy. however, and is therefore not rcall) suitable for 
developing communication and debating skills. 

It follows from the above that two exercises (Power for Elaskay and 
The Power Station dame) appear to be ideally suitable for the t> pc of 
usage envisaged by our physics teacher. Depending on the time he wants 
to devote to the work, and the money he »s prepared to spend, he could 
therefore decide to use cither ~ or both. 

Adapting exercises to meet user needs 

In sonic cases, on working through the selection process described abo\e, 
an exercise will be t'uund that appcirs to be exactlv suitable for the role 
envisaged. If such an exercise is not found, a potential user is faced with 
three possible courses of action. First, he can abandon the idea of using 
a game, simulation or case study and adopt some alternative teaching 
strategy. Second, he can try to find an exercise that is sufficiently close' 
to what he wants to enable u to be used after sonic modification to its 
format, structure, content or logistics. Third, he can decide to design his 
own exercise. Wc will now examine the second of these options, leaving 
the third to be covered in Chapter ?. 

There is one important piece of advice that the authors of this book 
wish to give to potential users of games and simulations. Sever be ajnxui 
to adapt an e.u'rtiu' to meet your particular requirements* Remember that # 
the educational outcomes you want an zxcrase to achieve may well be 
diftcrent from those the designers of the exercise had in mind. Once you 
ru.e purchased a game, simulation or case study , >ou should feel free to 
make use of it w any vjay you st\ fit. it is, after all, simply a collection of 
resource materials. 

In practice, there arc two basic ways in which an exercise can be 
adapted 

1. The resource niatenj can be used in a different ay fom that 
recommended by the designers (eg by omitting certain material 
from the exercise, altering the programme or time scale, or 

re organizing the method by whicti the material is exploited). 

2. The original resource material may be modified (eg by rcrroung 
unwanted sections, altering or extending sections, or adding 
completely new* sections or material). 

As illustrate e examples of these two different forms of adaptation, let 
us examine some ot the wa\s in which Power for Klaskay has been used. 
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We saw in Chapter 4 that this c simsc consists of .i set of five parallel case 
studies on ditkicm tlteruativc cneigv resources leading into a plenarv 
session in \\huh the participants luu to de\ise a rolling programme fur* 
meeting futurc.eleitnutv needs on the hypothetical island ot hlaskav. 
The exercise contains length> technical and economic calculations, and 
is prunanlv intended tor use at upper secondary and lower tcrtiarx levels 
with students who haie a scientitic background. It takes roughl) three 
hours to complete. 

On se\eral occasions, the authors have run a shortened version of 
Power tor hlaskav that minis the technical and economic calculations 
leg at scientitic and educational conferences, where the tunc available 
was restruted. or with groups who lacked the scientific background 
needed to tackle the full exercise). This was done sun pi > bv providing the 
participants with completed work sheets (photocopied from the teacher's 
guide) rather than the uncompleted work sheets supplied in the game 
<> package proper, On other occasions, the exercise has been extended b> 
using the individual case >uuhes and the rolling programme as 'jumping 

points tor further, more detailed work. Neither ot these adaptations 
lequirtd anv modification ot the original resource material (other than 
duplication ot pages from the teacher's guide) and vet produced exercises 
ot a rudicallv different type from the original., 

I he authors luve also produced a simplified, slightlv abridged version 
ot Power tor Mask ax spcciticallv' tor use m science m socitts-tvpe courses 
(the Alternative I ner*\ Piojcvt t see page \2 k >). This was done bv 
re writing the v.iru>us project sheets and work sheets in order to reduce 
the amount ot technical calculations, sunplifv mg the scenario, and i / 
completeh re -organizing the logistics of the game package. In this wav . 
it was possible to pioducC an exercise which could be used with a total!} 
different target population but which retained all the essential 
characteristics ot the original ease studv . * 




Guide to the use of gaming and simulation exercises 

I or convenience. *he use ot a game, simulation or case studv in a teaching 
situation can be divided info three phases, name!) preparatorv work, the 
actual running of the exercise and the debriefing 

these will now be evmiined m turn 

t 

<a) I ht pn p.ir>u t nr\ ufyrk lutr most exercises, the preparatorv work 
required can be bnjken ciown into the following elements 
u) make sure that the ^ame package is available and complete. 
Ut) make sure that all other facilities needed for running the . 
exercise vs ill be available as and- when required (eg 
accommodation, aullio-visual of computer facilities, extra 
staft). 

Wu) checlythat sou will have a suitable number of participants to 
ensure that the exerjcise can be run effectively (it necessary, 
'borrow' pupils or s udents from another class-in order to 

'J. 
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nuke up the numbers). 

nuke > itursclt thorough!) familiar with the utmpUtt game 
package and. in particular, with the teachers guide (it one 
is supplied). 

(v) earr> out any preliminary teaching that may be necessary . 

(vi ) issue an> introductory material, and make sure that the 
participants know what flic exercise will involve, if necessary, 
allocate students to roles (or groups) and issue any necessary 
briefing or resource material. 

All these points may appear rather obvious (especially to those with 
some experience of running games and simulations), but the) are all 
essential if the exercise is to run smoothly. t 

jb) Running the e*\enLse. Unless )ou arc deliberately departing troni 
the mcthoii of organization recommended by the designer, the key 
to the successful running ot a game, simulation or case stud> is 
to make sure that you follow the instructions given in the teacher's 
guide. If such a guide is not included in the game package, it is 
strongly recommended that you prepare your own. 

(c) I be debriefing. Practically all workers in the gaming and 

simulation field agree that a debriefing session of Some sort is 
essential if full educational value is to be derived from a game, 
simulation or case study. I he form of this debriefing will depend 
on the nature ot the exercise involved, but should generally include 
the following three iMcmcnts 53 

(0 review of the Actual work of the exercise, and discussion of 
any important points that are brought up bv the participants. 

(u) discussion pi the relationship between the exercise and the 
subject nutter on vvhic'h it is based (eg discussion of the 
degree of realism ot the exercise in the case of a simulation). 

(in) discussion of any broader is ics raised b) the exercise. 

If the exercise »vas i.sclf being tested in any wa) (eg if the teacher was 
try ing out a nevvl) modified version of an existing game or Simulation), 
a fourth clement should be included, namel) discussion of possible 
methods by which it Could be improved. 

The debriefing session is particularly important in the ca*c of excrusc** 
that involve role play or place the intrinsic subject matter m a social, 
political/ economic or environmental context, indeed, m these cases, »t 
can be the most important part. 
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Chapter 7: 

Designing your own exercises 



Since 1973, the authors have been involved in the development of over 
25 educational games, simulations and case studies, for use at both 
secondary and tertiary levels. Despite the widely differing character of 
these exercises, however, it has been possible to adopt a single underlying 
rationale, based on a systems approach, to their design and development. 
This will now be described. 



General description of the development process 

The process by which a game, simulation or case study is developed and 
exploited falls naturally into three distinct phases (see Figure 7.1). 



Development of 




Development of 




Exploitation of 


the basic idea 




a viable educational 




the exercise 






package 






Phase 1 


Phase 2 


Phase 3* 



Figure 7.1: The three phases of the development process 



The first of these phases is the development of the basic idea. The second 
(generally the longest) is the cyclical process by which a viable educational 
package is developed and field-tested. The third is the exploitation of the 
final package. Let us now examine the three phases in detail. 

PHASE 1 - DEVELOPMENT OF THE BASIC IDEA 

The decision to design an educational game, simulation or case sturdy 
should be reached as a result of the following sequence of events; 

(a) Identification of a gap in the curriculum (ie a set of specific 
educational outcomes it would be desirable to achieve with a 
specific target population). 

(b) Realization that an exercise of the game, simulation or case study 
type could be an effective means of filling such a gap. 

(c) Thorough search through the range o'f existing exercises with a 
view to finding a suitable exercise (or an exercise that could be 
adapted to the role envisaged) and failure to find any such 
exercise. 

O 
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(d) Appraisal of possible alternative strategies for filling the gap in the 
curriculum ami realization that none of these would probably be 
as effective as a game, simulation or case study. 

Thus, to use Popperian terminology,* the starting point in the 
development process should be the identification of a problem situation - 
in this case, the existence of a gap in the curriculum and the absence of a 
suitable means of filling it. The next step should be the formulation of a 
tentative solution to the problem situation - in this case, the development 
of the basic idea for a suitable exercise. 

As Popper has shown, the progression from problem situation to 
tentative solution is essentially a creative process (like the creation of a 
work of ^rt or the formulation of a scientific theory) and therefore cannot 
be described in strictly rational, logical terms. In the case of the 
development of the basic idea for an exercise like an academic game, 
however, the creative process can be helped along by tackling the problem 
in a systematic manner. The approach that the authors have found useful 
is shown in schematic form in Figure 7.2. 



PROBLEM SITUATION 
(Gap in Curriculum) 



TENTATIVE SOLUTION 
(Basic Idea for Exercise) 

r 




figure 7 2 Developing the baste idea for an educational game, simulation or case study 

• The philosopher Karl Popper has argued that virtually all problems can be tackled 
using the same basic methodological approach. 86 * * 7 * This can be summarized as 

Pi > JS — ^ EE — ^ P 2 

where Hi is the initial problem situation, TS a tentative solution, EE the process by 
which the solution is tested by systematic elimination of errors and P 2 is the new 
problem situation that emerges from the work (this is always different from P^ ). 
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The first stage in the process is to determine (in broad terms) the 
content of the exercise. In many cases (particularly where the educational 
outcomes are mainly cognitive in nature) this will follow more or less 
directly from the problem situation already identified. In other cases 
(particularly where the desired outcomes lie mainly in the affective 
domain) the choice of suitable content may not quite so 
straightforward. Indeed, in the latter, the content is often merely a 
foundation on which a structure capable of achieving the desired 
educational outcomes may be built (sec, for example, Proteins as Human 
Food (page 169) and Polywatcr (page 167)) so that the choice of specific 
content need not be particularly critical. 

The second stage is the choice of format (card game, board game, 
manual exercise* or computer-based exercise). This will depend partly on 
the general nature of the desired educational outcomes and partly on the 
specific content provisionally selected. The suitability (or otherwise) of 
different formats for achieving different types of educational outcomes is 
summarized in Figure 7.3 (see Chapters 3, 4 and 5 for more detailed 
information). 



Format 

TypeX 
of \ 
Educa tional 
Outcomes V 
Required X 


C*rd 
Game 


Board 
Game 


Manual 
Exercise 


Compute r- 

Based 

Exercise 


Teaching or 
Reinforcing 
the Basic 
Academic Content 
of a Subject 


Very suiUble- 
pirtlcularly 
with younger 
age groups 


Very suitable- 
particuiarly 
with younger 
tge groups 


Very suitable 
with all age 
groups 


Very suitablei 
particularly 
with older age 
groups 


Cul tivating 
Broader Ski lis 
(Educating 
"through* 
Science) 


Not really 
suitable 


Can be of 
limi ted use 


Very suitable 


Can be quite 
useful - 

particularly with 
older age groups . 


Teaching 
About Science 
or 

Technology 


Not really 
suitable 


Can be of 
limi ted use 


Very suitable 


Can be quite 
useful - 
particularly 
with older 
age groups 



Ftgure 7.3. The suttabtltty of different formats for acbt^vtng different educational 
outcomes 



The third and final stage in the development of the basic idea for an 
exercise is the choice of structure. Here, the range of structures possible 
in any particular case will largely be determined by the specific nature of 
the educational outcomes required. The possible structures available 
within each format will now be briefly examined. 

Card games. Here, a wide range of standard structures is available 
(eg rummy, solitaire, happy families), and the designer should work 
• In the limited sense used in Chapter 4 - >cc page $3. 
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systematically through these to see if any can be adapted to the type of 
usage he has in mind (see Chapter 3 for typical examples). 
Board games. Here, at least four basic structures are possible: 

(i) use of the board as a two-dimensional matrix on which patterns 
' may be built; 

(u) use of the board to provide a predetermined linear path (or paths) 
along or around which players have 10 progress-, 

(iii) use of the board as a field for mobile, two-dimensional play; 

(iv) use of linear activity round the perimeter of the board to control 
two-dimensional activity on the interior. 

Examples of how these different structures can he used to achieve specific 
educational outcomes are discussed in Chapter 3. 

Manual exercises. Here, there are four basic structures: 

(i) the simple linear structure, in which the participants work 

systematically through the same predetermined scries of activities, 

(u) the simple radial structure, in which the participants carry out 
different (albeit often related) activities using different resource 
materials and then take part in a discussion, debate or meeting 
of some sort; 

(iii) the composite structure, which combines linear and radial 
elements; 

(iv) the multi-project structure, where a single set of resource 
materials is exploited in a number of separate projects. 

In general, the simple linear structure is most suitable for exercises where 
a complex case study of some sort has to be broken down into 
manageable stages, and where the educational objectives lie mainly in 
the cognitive domain. The simple radial structure, on the other hand, is 
most uscful.in cases where the different points of view or starting points 
in a problem situation have to be examined, compared and discussed, 
and where the main educational objectives are non-cognitive in nature 
(cultivation of communication skills, interpersonal skills, desirable 
attitudinal traits, etc). The composite structure can be used in more 
complicated cases where outcomes of both types need to be achicvcuT 
but this is not recommended unless the designer has previously had some 
experience uf developing simpler exercises. Similarly, the multi-project 
structure is not recommended for beginners, 

Examples of exercises that use these different structures arc 
examined in detail in Chapter 4. 

Computer-based exercises. By their very nature, computer-based 
exercises arc essentially linear in structure, although thty can vary 
enormously in the amount of branching they employ and in the extent 
to which the user interacts with the program. If the exercise is to be a 
worthwhile educational experience (as opposed to a mere vehicle for 
imparting information), it is essential that the degree of interaction be 
high. The designer should therefore try to structure his exercise so that 
'the computer is rather more than just a super-fast calculator. 
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The way in which the computer medium can be used to achieve * 
different t> pes of educational outcome is discussed in detail in Chapter 5. 

PHASE 2 - DEVELOPMENT OF X VIABLE EDUCATIONAL PACKAGE 

The second phase in the development of an educational game, simulation 
or case study involves: , 

(a) converting the basic idea from its original conceptual form to 
more tangible form (an actual package of materials)* and 

(b) refining the package by means of field trials designed to 
determine whether it is capable of doing the job for which it is 
intended. 

(In Popperian terms, (a) is essentially a continuation of the development 
of the tentative solution to the original. problem situation, while (b) is the 
next crucial step in his methodological scheme, namely the error 
elumnation process.) As in the case of Phase 1 , the work should be 
tackled in a systematic manner, using an approach of the type shown 
schematically in Figure 7.4. 

BASIC IDEA FOR EXERCISE 



Format 



PROTOTYPE PACKAGE 
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Figure 7.4. Converting the basic idea into a viable educattonal package 



lUi 



1 10 GAMES AND SIMULATIONS IN SCIENCE EDUCATION 

t 

The first stage in the process is the determination of the overall form 
that the package is to take. To a large extent, this will depend on the t^pe 
of format and overall structure provisionally selected for the exercise 
(sec below). 

Card game. Teacher's guide and/or game manual plus pack(s) of cards. 
Board game. Teacher's guide and/or game manual plus board and ancillary 

materials (playing pieces, cards,'dice, etc). 
Manual exercise. Teacher's guide, introductory material and resource 

material (whose nature will depend strongly on the type of structure 

adopted). 

Co vi pater- based exercise. Teacher's guide (if appropriate), student 
manual(s) and actual prograni(s). 

For further information, see Chapters 3, 4 and 5. 

The second stage is the design of prototype versions of all the various 
materials that are to be included in the package. Here, the best advice the 
authors can give to a would-be designer is that he or she should study the „ 
materials contained in an existing exercise of similar format and structure 
to that which he or she is trying to produce and then base his or her own 
materials on these. 

Whatever the format and structure, the primary aim should be to 
produce a package of materials that can be used no^ only by the designer 
but also b\ any other teacher or lecturer who wishes to run the exercise. 
For this reason, it is essential to include a comprehensive teacher's guide 
or game manual that provides sufficient information for this to be done 
without the user having to rctcr back to the designer for help or guidance. 
Such a document should therefore include the following elements. 

— a list of the educational outcomes the exercise is designed to 
ach icvc; 

— a list of the contents of the package; 

— detailed, instructions on how to organize the exercise. 

With regard to the other resource materials to be included in the 
package (le J^ose which will be used by the participants rather than the 
organiser), it is important to make sure that each item: 

— fits into the general context of the exercise; 

— is consistent with all the other material in the package; 

— is capable of fulfilling its own specific function. 

^ This will almost certainly necessitate a certain amount of 'tuning' (ic 

revising or amending particular items as the work progresses in order to 
produce a self-consistent and balanced exercise). 

The third stage in the development of a viable package is the process 
by which it is field tested in order to determine whether it is (a) logistically 
and operationally sound and (b) capable of achieving its design objectives. 
This corresponds to the error elimination phase of Poppers methodological 
scheme, and is possibly the most important stage in the entire 
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development process. 

The first field test of an exercise should be run by the designer himself, 
preferably with a group drawn from the target population for which it is 
intended. This can have a number of different outcomes. 

(a) The exercise turns out to be a complete disaster (particularly from 
the educational point of view). This indicates that the whole 
concept should be critically re-examined, and the exercise either 
abandoned or drastically modified. 

(b) The exercise proves successful in some respect^ but less so in others, 
revealing a number of basic (but not disastrous) organizational 
and/or educational flaws in its design. This is a satisfactory outcome 
from the designers point of view since it 

(i) shows that his basic idea appears to be sound; 
(n) identifies those areas where some modification is required, and 
(Hi) gives some clues as to what the modifications should be. 

All such changes, whether relating to the overall form of the 
exercise, to the detailed contents of the resource materials or to 
the organizational procedure, should be made before any further 
field tests are undertaken. 

(c) Tly: exercise proves completely successful in all respects, apart 
froth comparatively minor points of detail which can be remedied 
withonta major re-write. This is even more satisfactory (albeit 
highly unlikely!) and indicates that the exercise can be safely 
handed over to colleagues for further, more rigorous field testing. 

Once the designer is satisfied with his exercise (ie has finally achieved 
outcome (c) above), he should allow it to be field tested by at least three 
colleagues, either in his own school or college or (preferably) in other 
establishments. This set of field trials is, if anything, even more important 
than the first, and should be conducted rigorously. Both the, organizers 
and the participants should be actively encouraged to criticize the exercise 
by pointing out any aspect(s) they feel could be improved. Such 
constructive criticism (which lies at the very heart of Popper's 
methodology) should be obtained using suitably designed questionnaires 
and interviews. It should then be used as the basis for any further 
modifications of the exercise that prove necessary. 

Only when criticisms have been reduced to trivia should the designer 
feel satisfied that he has produced a viable, educationally valuable 
exercise. This may take several cycles of field trials and revision. 

PHASE 3 - EXPLOITATION OF THE EXERCISE 

If a designer has satisfactorily coi ipleted Phase 2 above and has produced 
what appears to be a worthwhile educational exemse, he should seriously 
consider publishing his work and making his exercise generally available. 
All too often, potentially valuable games, simulations and case studies are 
n«rd only by the designer and a few of his immediate colleagues, In many 
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cases, such exercises would be of considerable value to the educational 
community at large. 

A designer can publicise his work in a number of ways. First, he can 
write articles for educational journals, eg . 

- journals dealing with the teaching of science and its various branches, 

- journals dealing with educational methodology-, 

- journals dealing specifically with the field of gaming and simulation. 

Second, he* can give talks at conferences, meetings of professional bodies, 
etc. Third, he can run demonstration sessions of his exercise for 
colleagues and other interested parties. The various national and 
international bodies formed to promote the use of gaming and simulation 
techniques (see the list at the end of this chapter) can be particularly 
useful in helping designers publicize their work. 

With regard to making an exercise generally available, there are three 
basic ways in which this can be done; 

(a) The designer can produce a do-it-yourself kit that enables other 
people to prepare their own copies of his or her package. 

(b) He or she can produce multiple sets of the package* 

(c) The designer can approach an appropriate commercial eg 
professional body with a view to having the exercise published 
and marketed on a large scale. In this case, the designer is advised 
to try to find an organization that has already published exercises 
of a similar type or in the same subject area. The data sheets given 
in Part 2 should be of considerable help here. 

# In both cases, the designer can cither give away or sell these 
materials, or make arrangements for them to be made available 
through some other body. 

General hints for would-be designers 

In conclusion, the authors would like to offer two general pieces of advice 
to potential game designers. 

First, do not work on your own unless it is absolutely necessary. It is 
much easier to produce a good exercise if you can find a colleague (or 
group of colleagues) to help you. The interchange of ideas and mutual 
criticism- that such teamwork makes possible will, almost without 
exception, not only speed up the development process but also give rise 
to a much better final product. 

Second, remember that the human mind is like an iceberg, with only i 
small fraction (the conscious mind) visible and by far the largest part (the 
subconscious mind) hidden. It is generally accepted that the latter, plays 
a major role in the creative process, so you should give it every chance to 
do so. If you are stuck for an idea, stop work on that particular problem 
and do something complete!) different, your subconscious mind will often 
come up with a solution, apparently quite spontaneously. This is 
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particularly true if >oti thank about a problem last thing at night, just 
before going to sleep. Try it; it often produces results. 

List of principal organizations that pr<jjnotc academic 
gaming and simtilatio™ 

1. ISAGA (International Simulation and Gaming Association). 
Contacts: Europe ~ DrK Bruin, Ubbo Emmius, POB 1018, 
Lccuwardcn, Netherlands; North America - Professor R Duke, 
University of Michigan, 21 50 Art & Architecture Building, 
Ann Arbor, Miehiga-n, USA. 

2. NASAGA (North A^mcrican.Simulation and Gaming Association). 
Contact: Dr B La ws^on, Barry Lawson Associates, Inc, 148 State 
Street, Boston, MA 02 109, Mass, USA. 

3. SAGSET (Society f«*>r Academic Gaming and Simulation in 
Education and Traiming). Contact*. Hon Secretary, SAGSET, 
Centre for Extcnsio :n Studies^University of Technology, 
Loughborough, Leiczs, LEU 3TU, England. 
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' Evaluating games, simulations and. 
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Although impressive claims are often made regarding the educational value 
of games, simulations and case studies, the/sffpporting evidence is nearly 
always ladling. On far too many occasions, a simulation or game is judged 
to be successful simply on the grounds that it 'works*. This, in itself, tells 
us little about the extent to which the overall aims and objectives have 
been achieved, since the only way in which such information can be 
acquired is by carrying out a systematic evaluation of the exercise in 
question. 

While most workers agree that evaluation is important, there is less • 
agreement as to hovv this evaluation should be conducted. When the 
exercise is a game, simulation or case study designed to achieve a range of 
non-cognitive outcomes, it becomes particularly difficult to devise valid 
and workable evaluation techniques. Thus, although gaming and 
simulation techniques are being increasingly used in many areas of 
education, research into evaluation of the effectiveness of such methods 
has lagged behind the development of the methods themselves. 

In this chapter, we will take a look at some of the techniques that can 
be i*sed to assess the effectiveness of science based games, simulations and 
ca>e studies. Before we do so, however, we will discuss some of the 
broader aspects of evaluation, and then examine some of the evaluation 
work that ha* actuall) been done on science based games and simulations. 



The evaluation debate 

Perhaps we should start b> answering the question 4 Wh> should wc bother 
to evaluate games, simulations and case studies at all? 1 After all,«the 
individual teacher's own judgements the effectiveness of the teaching 
methods he employs has usually been considered sufficient in the past. 
If the systems approach to the development of educational exercises* 
advocated in the previous chapter is adopted, however, evaluation clearly 
plays a key pari in the development process, since it can identify 
particular strengths and weaknesses of an exercise, and hence provide a 
firm basis for its modification and improvement. Thus, the basic question 
t*not 4 Should we evaluate? 1 but rather 'How should the evaluation be 
carried out?' 

One current area of controversy in ed%ational evaluation is concerned 
with the respective merits of two distinctly different approaches - the 
so-called agrtcultural/botamtal and soc\aVanthropolog\cd approaches. 
^ f ormcr is normally considered to be the ■scientific' approach to 
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evaluation, the experiments used have tight controls, ami the resulting 
outcomes arc carttull) measured using objcvtivcs-oricmcd evaluation 
procedures. 

The soeial/an thropologic.it approach, on the other hand, is mure 
concerned with studving the migotng process that takes place during m\ 
exercise. It uses far more subjective methods, and is luscd on the arguments 
that la) the variables meducatlon.il experiment* are numerous and heme 
cannot be reach!) controlled, and U>) the inputs and outputs of such 
experiments are not. easily measurable. 

Some experimenters have attempted to use she 'scientific* approach to 
compare the outcomes of gaming methods with more traditional methods 
of iast ruction. The value of such comparative research has, however, been 
vvidclv criticised on tlie grounds that the * novel' and 'tUibnoiul" methods 
each have particular strengths and weaknesses, and that it. is not valid to 
compare their respective performances in achieving a set of Compromise* 
objectives/ 1,13 ' 90 ' 91 The controlling of all the variables which might affect 
the outcome of the experiment is another major problem. 

Other workers have suggested that the real educational value of games, 
simulations and case studies simplv docs not lend itself to measurement 
using formal evaluation procedures. 92 ' 91 This is echoed bv Bloomer, who 
points out that such teaching methods vcrv often involve complex human 
interactions of the tv pc that formal input. output evaluation measurements . 
ignore.** , ^ 

In general, however, these broad issues arc of much more interest to 
educationalists and educational technologists than to practising teachers. 
Such teachers are likeh to be" interested in evaluation onlv in so far as it 
can helpithem to improve the effectiveness of exercises that the) 
themselves have adapted or designed. When planning such an evaluation, 
it is recommended that thev tr\ to adopt a middle path bet ween the purelv 
objective an>l purclv >ubjcvtivc approaches outlined above. Whether the 
emphasis should tend tow arils the fomivr'ur the latter will depend on the 
nature of the exercise in question and the specific e durational purpose 
for which it is to be used. 

Revievv of evaluation work curried out to date 

The reason w in 'hard* research into the effectiveness of gaming ami 
simulation methods has not developed as far as n»an\ workers would have 
liked is probabh a combination of several factors. These include the lack 
of general agreement regarding the basic approach that should be adopted, 
the poor qu.ilitv of much of the research that has m fact been carried out, 
and the intrinsic difficult) dc vising valid and workable assessment tools 
in cises where attitude and broad lion -cognitive skills ic-g communication, 
decision making and niter personal skills) arc involved. In addition, most 
studies of the educational outcomes of games, simulations and case studies 
have been strict! > short term, or have had findings that could not be 
generalized. 

The nujoruv of attempted evaluations of gaming materials have been 
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carried out m America. It is apparent, however, thar very few well-planned 
and unambiguous research efforts have been reported so far. The lack*?f 
hard evaluative evidence is ascd by some worker* to disparage the use of 
gaming and simulation techniques, despise the tact that the use of -norc 
traditional teaching methods has no better empirical justification. 95 

The tentative conclusions wH, Ji be drawn from evaluation research 
ha\c already been given in Chapter I, In short, these arc (a) that games, 
simulations and case studies appear to have no advantage over other 
methods in teaching basu facts and concepts, (b) that the methods appear 
to have considerable potential in achieving attitude development, and 
(c) that the methods strongly motivate students, who appear to enjoy 
participating in such exercises. 

Evaluation work carried out specifically on science -based games, 
simulations and case studies ian conveniently be sub-divided into three 
broad categories, namely: 

1. Evaluation of the effectiveness of other people's published exercises. 

2. Developmental testing, by designers, of their own exercises in 
order to assess their potential and identify weaknesses. 

}. Large-scale evaluation of the cumulative effects of a specific 
programme of exercises designed to fit in with and complement 
an existing science curriculum. 

Illustrate examples of c,uh of these categories will now be examined. 

\ 

EVALUATION OE OTHER PKOPLK'S EXERCISES 

A number of evaluations of commercially available materials have been 
reported - general!} carried out b> teachers interested in obtaining 
feedback on their effectiveness. One example is the independent 
evaluation b\ Vaughan^ of two of the chemistry based card games 
produced by Hcvden & Sons, namel) Chcm&yn and Element Cards (see 
j> 151 and p 156). This study was done on a relatively small scale with 
one Jass of students. The evaluation involved testing the students before 
and after their experience with the card games in order to determine their 
abiht} to carry out the operations used in the games and to test their 
knowledge of the iqformatton provided on the cards. The experimental 
group was compared with a control group. (It should be emphasised 
that, in this case, tt was the can/ jgtiturt (and not the stmtoir*) that were 
being evaluated.) Vaughan concluded that his tests indicated improved 
knowledge of the spcufu chemual principles under investigation, although, 
as is so often the case, he added .the rider that further evaluations were 
needed with larger group* in order to establish the statistical significance 
- of these observations. 

Another interesting example of this broad category is the evaluation of 
The Power Station Game (fee p 144) that was carried out by Millar" in 
Australia. The exercise was used in a training course for primary teachers 
a use which the designers of the exercise had not envisaged. The evaluation 
q— again on a relatively small scale. It was effected via a scries of short 
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questionnaires that the students filled in at various stages of the exercise, 
giving their current rating of the game in terms of enjoyment, complexity, 
relevance and content. The evaluation showed the exercise to have bem 
a success (in the opinion of the evaluator), and has since been repeated 
each time the exercise has been used in order to provide feedback. 
'/ 

V, 

DEVELOPMENTAL TESTING OF PROTOTYPE MATERIALS 

This is probably the area in which most evaluation work is done, although 
the results are ( iiot always reported. As stated earlier, if one adopts a 
systematic approach to the design of a game, simulation or case study, 
evaluation of the package during its development is vital. 

A trial of ajri exercise may simply be a field test whose main cjbjcct is 
to identify de|ign faults and ambiguities, the information thus gained 
being noted, .ind the exercise duly adapted. This type of evaluation is 
basically pare ,<j>f the final 'tuning' process for the exercise (see Chapter 7). 
Alternatively, the trial may go further, and involve a formal evaluation 
of the effectiveness of the exercise in achieving its educational design 
objectives. J 

This type djt" developmental testing has been described for three 
chemistry based exercises, namely Proteins as Human Food, What Happens 
When The Gas?, Runs Out? and Poly water 10 (see p 168, p 177 and p 167). 
All these exercises are designed to develop b v oth cognitive and broader 
non-cognitive skills. Because of this, a variety of assessment tools was 
used, depending on the type of outcome currently under scrutiny. These 
included multiple-choice questions on the cognitive content, rating scales 
to assess students' confidence in various communication skills, attitude 
scales, student interviews, and recorded observation of the placing sessions. 
The use of sucfji a battery of techniques was necessary because of the wide 
range of outcomes, being investigated. 

' ! 

LARGE-SCALE EVALUATION OF A PROGRAMME*OE*EXERCISES 

i 

Although the types of evaluations Jiscussed above play a vital part in 
assessing the viyuc and effectiveness of individual exercises, the 
generalizing pqwer of such research is usually limited to the specific 
conditions under which the research is conducted. In most cases, the 
gepexal validity is restricted by the small number of participants, and also 
by* the fact that the designer of the exercise runs the playing session and 
organizes the research himself. The broader questions raised earlier in this 
chapter regarding the general applicability and limitations of games, 
simulations and case studies can only be answered by well planned, large- 
scale research programmes in which the designer of the package is not 
directly involved in the administration of its use. 

One suop largc-scale evaluation of the cumulative effect of a scries of 
games, simulations and.case studies designed to fit in with an existing 
science curriculum has been earned out by Norman Rcid, working from 
the University of Glasgow. 65 Rcid was interested in developing a 'social 
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awareness of science* in 13 to 14 year old school pupils. The subject area 
was limited to the content of the Scottish O-grade chemistry syllabus 
and, for the purpose of the study, five main areas of interest were chosen 
from the existing syllabus. These were: 

1. Historical implications of the development of chemistry. 

2. Domestic implications of chemistry. 

3. Industrial implications of chemistry. 

4. Economic implications of chemistry. 

5. Socio-moral implications of chemistry. 

To help pupil devdopmentTh^hese areas, a series of 12 interactive 
teaching packages was constructed, most of which involved extensive use 
of game/simulation/case study techniques. These packages were designed 
to use the bisic content of the syllabus as a vehicle for non-cognitive 
development. 

Each package was initially tested with over 250 pupils and ten teachers 
from eight schools in order to ensure that it was workable in terms of 
vdcabuiary, content, time and clarity. At this level of testing, most 
teachers and pupils found the packages acceptable and useful. 

Reid then investigated whether the packages achieved any objectives 
from the five broad areas in which he was interested in the long term. 
To this end! a seven-month experiment was set up. Several hundred 
third-year pupils following^Ograde chemistry courses in schools 
throughout Scotland completed a minimum of four packages over a 
six-month period, the packages being chosen to fit in with their usual 
course work. At -the end of seven months, they were assessed, and the 
results compared with those obtained in a second assessment carried out 
with a similar number of pupils who had not used any of the packages, 
A parallel experiment was undertaken with fourth-year pupils to provide 
corroboration and comparisons. 

The assessment was carried out using questionnaire booklets in which 
pupils answered roughly 75 questions in the space of 30 minutes. The 
evaluation items were validated by sample interviews with the pupils. 
Obviously, a wide range of information was obtained from these 
assessments, but the degree of consistency* between the two experiments 
was remarkable. A summary of how the experimental pupils (who had 
used the packages) compared with the control pupils (who had not) in 
each of the five areas is given below. 

» Historical - there was insufficient historical emphasis in the packages, 
but some good specific achievements. 

Domestic - the response was encouraging,*although some gaps were 
apparent. 

Industrial - the results were remarkably good, indicating that there 
was much more scope for development in this area. 

Economic - there was evidence of consistently good achievements, 
with almost every facet being developed to some extent. 
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Sodomoral impact appeared to be limited in this area, especially 
when objectives became more personal. 

Reid concluded that non-cognitive outcomes can be achieved with 
O-grade chemistry pupils in the area of social awareness through the use 
of interactive teaching materials. Pupil reaction was very enthusiastic, and 
teacher reaction varied from initiall) sceptical to enthusiastic, becoming 
progressive!) more favourable with experience. Student non-cognitive 
achievement was relatively permanent in that it lasted for several months. 
Reid claims that the results of his research have a wide applicability to 
other subject areas, and points out that the scope for research into the 
development of the various non-cognitive outcomes of a science education 
is enormous. 

Some evaluation techniques < 

Let us now examine the various techniques that can be used to evaluate 
the effectiveness of games, simulations and case studies in science education. 

COGNITIVE TESTS 

The assessment procedures traditionally used in education arc concerned 
almost entircl) with measuring cognitive attainment (eg knowledge 
gained). Such procedures include essay-type questions, objective items 
and unique answer questions. In terms of reliability, validity, case of 
application and statistical treatment, the last two question types appear 
well suited to measuring purely cognitive gains from games, simulations 
or case studies. The actual experimental design adopted will depend on 
several factors, including the number of participants available and the 
possibility of obtaining suitable control groups. 

NON-COGNITIVE TESTS 

A major problem arises when any attempt is made to measure the 
development of attitudes and skills which arc not purely cognitive, because 
traditional assessment methods are jften inappropriate. The suitability of 
assessment techniques is further restrictcJby the need to have procedures 
which are simple in application, are acceptable to students, are as valid 
and reliable as possible, and produce results that can be meaningfully 
analysed. 

Such conditions limit the choice to methods which can be broadly 
classified under two headings, observational techniques and self reporting 
techniques. 

Observational techniques 

When certain attitudinal objectives arc involved, or when the development 
of communication or inter-pcrsonal skills is a major aim of the exercise, 
direct observation of individual or group behaviour can be of use in 
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mQn.toring its effectiveness. Closed-circuit television or a simple audiotape 
recording of the activities in a group session can act as a permanent record 
of the exercise so that subsequent analysis can be attempted. This analysis 
can take the form of simply cataloguing the numbers and patterns of 
communication within a group. At the other extreme, it can involve some 
sort of interaction process analysis', which may provide an insight into 
the social psychology of the group and the personalities of individual 
members. 

Self-reporting techniques 

Several such techniques have been devised, the most important of which 
will now be described. 

(a) Ltkert scales 91 are commonly used in attitude measurement, and 
appear deceptively easy to devise and administer. There is, however, a lot 
of skill required in producing good Likert items which (i) are valid, and 
(ii) provide good discrimination between people with different opinions 
on a topic. Essentially, a Likert rating scale consists of a list of statements, 
the person responding having to make a judgement on every statement — 
usually by selecting from a number of degrees of agreement and 
disagreement. Figure 8. 1 shows a series of Likert items designed to assess 
students' attitudes and confidence towards group discussion in class. 
Such an evaluation could be used in conjunction with a simulation, game 
or case study designed to increase inter-personal and communication skills. 

The number of options on the scale will depend on the requirements of 
the setter. It can be odd or even, the latter having the advantage that it 
does not allow participants to take refuge in a completely neutral category. 
Although relatively common practice, it is statistically unwise to add 
together scores for separate statements on a Likert scale to obtain an 
overall attitude score. This may only be done if the statements are 
measuring the same attitude dimension. It should, however, be possible 
to use Likert-type scales to identify variations in atntude and opinions 
within a group. This can be done by comparing participants' responses to 
individual statements in a test administered before and after a teaching unit 
designed to modify such opinions, or by comparing them with a carefully 
matched control group. 

(b) The semantic differential technique** has been used as a tool for 
various types of assessment designed to measure the connotations that 
particular concepts have for individuals. Word pairs of antonyms such as 
1 valuable/ worth less* and 'interesting/boring' are joined by a 3, 4, 5, 6 or 

7 point scale. The method is based on the premiss that the word pairs are 
opposites, although this assumption may not always be valid because of 
the fact that particular words sometimes have different meanings for 4 
different students. 

Figure 8.2 gives an example of a semantic differential grid used in the 
evaluation of Fluoridation? (see p 194). 82 The grid was used to assess 
students' attitudes to fluoridation before and after participating in the 
exercise. 
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Put a letter in the appropriate box to indicate your personal opinion 


about each of the following statements. 




Mirk: A - if you strongly agree ith the statement 




B - 1f you agree with the statement 




C * i f you neither agree not disagree! or you don't know 




0 — if* you disagree with the statement 


• 


£ - If vou strOnolv Hi<Lant*f»* with thp ^tat^nwnt 


i) 


If I knew a piece of information of relevance to a class discussion 




I would be eager and willing to communicate *t to the class. 1 


n) 


I find it easy to differentiate between facts and opinions j | 


111) 


I have confidence in my ability to argue a point during a 




class discussion ' ^ 


WJ 


I would accept the opinions of scientists on matters in which 




I am not an expert 


v) 


The thought of presenting a short talk to my class makes me 




1 | 

feel very uncomfortable 1 1 


vf) 


I benefit more from reading a toxt book than from actively 




v 1 — l 

participating in a class discussion 



Figure 8.1: An example of a Likert scale 



Fluoridation of Public Water Supplies 



control led 
unnecessary 
valuable to community 
costly 
poorly researched 
safe 



uncontrolled 
necessary 

worthless to community 
Inexpensive 
well researched 
dangerous 



Ftgure 8.2: An example of a semantic differential grid 
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A major advantage of the method is that the items are fairly easy to 
write and mark. It has, however, been pointed out that the arbitrary 
labelling of rating scales (eg -3 to +3 or 1 to 5) is statistically groundless. 39 
Such scores provide only an indication of the relative strengths of 
opinions or attitudes between different people. Statist* ,aU> , it is more 
correct to compare differences in the actual numbers of participants 
responding to individual items on the scale. 

(c) Rating objectives by means of a grid." Here the objectives of an 
exercise are listed, and the student is asked to indicate whether each 
objective has been 'well achieved' through to 'not achieved at all'. 

Figure 8.3 gives an example of a grid which was used as part of the 
evaluation of the exercise Proteins as Human Food. Such a grid would be 
given to students immediately after completing an exercise. 

The rating is generally done using a five-point scale, although variations 
arc possible. This method is particularly useful in cases where no other 
suitable technique exists for assessing the achievement of certain 
objectives, or as a check on other evaluation methods. 

, (d) Situational techniques* 9 * 100 have been used to assess the modes of 
thought and scientific approach of students, as opposed to their attitude? 
to science. In such an assessment, the students are confronted with a ' 
problem which in itself need have no scientific content, but which 
requires them to think 'scientifically* in order to solve it. Situations of 
this type involve students using the 'broader skills' associated with a 
science education (eg problem-solving and decision-making skills), and 
rely little on previously learned factual knowledge. Figure 8.4 gives an 
example of a situational technique used to assess the students 1 ability to 
control variables. 39 

Although comparatively little work has been done on the use of the 
technique, it would appear to have a reasonably high validity compared 
with some of the more artificial assessment procedures discussed above. 
The method is, however, sometimes cumbersome, and questions may be 
difficult and time-consuming to construct and apply. 

(e) Interviews with students have sometimes been used to assess the 
effectiveness of games, simulations and case studies. A well-constructed 
interview procedure is, however, not easy to devise, administer and 
analyse effectively, although it would appear that the validity of the 
method is high. 

The above list of assessment methods is by no means exhaustive, but 
it does give examples of some of the techniques which c valuators of 
science-based games, simulations and case studies have found useful. They 
vary quite markedly in ease of construction and validity. Indeed, an 
inverse relationship appears to exist between these two factors, with 
semantic differential and rating objectives techniques being easiest to 
construct but probably least valid, and interviews and situational methods 
being hardest to construct yet most valid if done well. 

As a result, each technique has certain drawbacks, and no single 
technique is the best in all situations. In carrying out an evaluation, it is 





At the start of this exercise you were given a list of 1 5 objectives. Please indicate (by means of a tick in the 
appropriate box) how successful or otherwise, in your opinion, the exercise has been in achieving each objective. 



OBJECTIVE 


VERY 

SUCCESSFUL 


FAIRLY 
SUCCESSFUL 


AVERAGE 


NOT VERY 
SUCCESSFUL . 


DISMAL 
FAILURE 


1. To write down the general formula for an a-amino acid 












2. To appreciate the importance of proteins in living systems 












1 Tn ^faf* whv rftrtain amino acids are called essential 












4. To describe a peptide link and its importance in protein 

rhwnicf rv 
v. nnti i 5 i i j 












5. To identify factors contributing to the world protein problem 












6. To extract general trends and relevant information from 
tabulated data. 








\ 


~ r 


7. To communicate information fluently and grammatically 












— " - M 

8. To argue logically and precisely 












9. To teach others in public ^ 












— ■ — js « ' 

10. To apply a scientific approach to general problems 












11. To appreciate the value of group discussion for co-operation 
jn .discovery 












,4< 12. To identify problems and devise means of solving them- 












13. Tb\look for best compromises in matters of conflicting 
interest 












14. To realise the existence of interconnections across subject 
barriers 












15. To b% aware of the limitations of science 1n solving some 
problems^ 
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Six test runs were nude on the same motor-cycle to find out the relative 
importance of four factor* when economical performance is required, ie the best f 
miles per gallon (mpg). From the following results, place the four factors (Typ ( 
of Petrol, Average Speed, Town or Country Driving and the Experience of the 
Driver) in the order in which you think they are important in giving the best mpg? 
Give the most important factor a letter A in the box provided, the second best a 
letter B. third C and fourth D. 






- - :~i 


<» P *> t 


Toton oc Country 


U»rn«' Orxttr 


».P s. 




'*» 




H*tnly Country 










» 




turner ^ 




> 


% 




_ Knnjj Country 


C.ptrtfn.lsr, 




1 


.»* 




Knnlj County 


leirncr 




} 


\ ** 










t 






K»»r>iy town 


f iptrtf n<t<l 


10S 



| k «["?' »r«srO. V»«rn«r 
Cn.«r 




%ure &4: /\« example of a situational item 

& • 

therefore advisable to use a battery of techniques, using altern 
methods as a check on others. 



ative 



Analysis of results * 

Much research in whigh rating scales are used can be criticized on the 
grounds of invalid statistics. For example, some researchers have put 
arbitrary numbers on scales, added up totals from the various items, and 
arrived at a 'score' expressing the students 1 attitudes to the subject in 
question. This is unreasonable, because the individual items will not 
necessarily be measuring the same parameter. It seems obvious, therefore, 
that items must be analysed individually. Several methods have been used 
for this purpose, including simple statistical analysis (eg clii-square), 
graphical methods or even presentation of raw data in cases where small 
numbers or other constraints invalidate statistical treatment of results. 

While it is important that overall trends should be identified, it is 
equally important that individual measurements .which go against the 
general trend should be recognized and explained. For example, it is quite 
possible that an exercise which is designed to develop communication 
skills may well have an overall beneficial effect but, for one or two 
participants, may actually prove inhibiting. 
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Conclusion 

Despite the various difficulties and prtfalls described above, evaluation 
is an essential and valuable component of the process by which a game, 
simulation or case study is developed or adapted to do a particular job. 
The science teacher or lecturer who wishes to use such exercises in his 
or her courses is mainly interested in finding out whether a particulars 
exercise will work with his or her students in bts or her classroom, ancv 
whether h is capable of achieving the various educational aims in which 
he or she is interested. The best way to answer these questions is to carry 
out a well-planned evaluation, the results of which can then forfci the basis 
of any necessary modifications to the exercise, thus helping to epsurc that 
its aims are better achieved next time it is used. We hope that'the 
information given in this chapter will help make this task easier. 
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Section 1: Physics-based exercises 

ALTERNATIVE ENERGY PROJECT 
Autbon:H I Ellington & £ Addinall 

Publisher: The Association for Science Education, College Lane, Hatfield, 
Herts, ALIO 9AA 
First published: 1980 

Type of exercise: manual simulated case study. 

Courses for which exercise is suitable: The exercise was specially developed 
for use in the ASE's Science in Society AOJevel course, and is suitable for 
use in science in society and general studies courses at upper secondary and 
lower tertiary levels. 

Educational aims: to make the participants aware of the technical and 
economic feasibility of exploiting different alternative energy resources; 
to cultivate interpretative, analytical, decision-making, communication 
and interpersonal skills. 

ljumber of participants needed: The exercise is designed for use with a 
class of up to 20 pupils or students, but can be used equally effectively 
with lower numbers (min 5). 

Time required: 3 or 4 school periods of roughly 3540 minutes each or 
equivalent. * ^ 

Contents of package: teacher's guide, student booklets. 
Special facilities required, calculators, overhead projector, blank OHP 
transparencies and felt pens. 

Outline of exercise. The Alternative Energy Project is a simplified version 
of Power for Elaskay (see page 139). The participants have first to carry 
out technical and economic appraisals of the different energy resources 
available on the hypothetical island of Elaskay, and then develop a 
50-year rolling programme for meeting the island's electricity requirements 
by making use of these resources. 

CAPACITOR DISCHARGE 

Authors: D C F Chaundy & R D Masterton 

Publisher Schools Council, distributed by Edward Arnold (Publishers) 

Ltd, London 

First published: 1978 

Price: part of a pack Computers in the Physics Curriculum, edited by 
R D Masterton and D C F Chaundy, price £14.00 
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Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable physics courses at upper secondary 
and lower tertiary levels. 

Educational aims, to assist students' understanding of the concept of 
exponential decay, 

Number, of participants needed The exercise can be used either individually 
or with small groups. 

Contents of package, teacher's notes, students' leaflets, computer program. 
Special facilities required interactive computer terminal or microcomputer. 
Outline of exercise. This exercise combines laboratory experiments with 
computations involving simple capacitor circuits. 

CENTRAL HEATING GAME 

Authors: A Cowking, II I Ellington, E Addinall & N H Langton 
Publisher: The Institution of Electrical Engineers, Savoy Place, 
London WC2R0BL ■ . - 

First published- 1978, 
Price: £9 (inc p & p) 

Type of exercise a nunual multi-project pack based on a simulated case 
study. 

Courses for whuh exentse ts suitable, physics, engineering science, science 
in society, architecture, economics and general studies courses at upper 
secondary and lower tertiary levels. 

Educational aims, to make the participants aware of the technical 
principles and economics of domestic central heating and insulation, to 
cultivate interpretative, analytical, decision making and communication 
skills. 

Number of participants needed Each project is suitable for use with a * 
class of up to 24 pupils or students, but can also be used with much smaller 
numbers. 

Time required: The projects vary in length from 1 Vi - 3 hours. 

Contents of package teacher's guide, introductory booklets, project sheets 

and data sheets. 

Special faciltttcs required calculators, overhead projector, btak OHP 
transparencies and felt pens. * 
Outline of exerctse. The Central Heating Game is a multi-disciplinary 
multi-project pack, a new type of educational package that exploits the 
same basic set of resource materials in a series of projects designed for use 
in the teaching of a wide range of academic subjects (see above). It 
contains five basic projects, each of which deals with a different aspect of 
domestic central heating. All five projects are based on a simulated case 
study that involves calculating the heating requirements of a hypothetical 
bungalow and examin*ng the cost effectiveness of different central heating 
systems and insulation measures. 
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CENTRAL HEATING PROJECT 

Authors; H I Ellington & K Addinall 

Publisher. ThcAssociation for Science Education, College Lane, Hatfield, 
Herts AI*10 9AA 
First published: 1980 

Type of exercise a manual mQlti-project pack based on a simulated case 
study. ' 
Courses for which e.\erase ts suitable The exercise was specially developed 
for use in the ASE's Science in Society AO level course, and is suitable for 
use in science in society and general studies courses at upper secondary and 
lower tertiary levels. 

Educational aims, to make the participants aware of the principles and 
economics of domestic central heating and insulation, to cultivate 
interpretative, decision-making and communication skills. 
Number of participants needed, Uach project is suitable for use with a 
class of up to 20 pupils or students but can be used equally effectively 
with smaller numbers. 

Time required. Each project requires 2 school periods of roughly 

35 - 40minUtes each or equivalent. 

Contents of package; teacher's guide, student booklets. 

Special facilities required overhead projector., blank OHP transparencies 

and felt pens. • 

Outline of exercise. The Central Heating Project is a greatly simplified 
adaptation of the Central Heating Game (see page 130). Like the latter, 
it takes the form of a multi-project pack and is based on a simulated case 
study on domestic central heating and insulation. It contains three basic 
projects, dealing with different aspects of "thy central heating and 
insulation of five different types of house. It involves no technical 
calculations, and is therefore suitable for use with students who lack a 
scientific or technical background. 

CIRCU1TRON 

Authors; J Megarry & M Roebuck 

Publisher. Circuitron was originally published by Griffin and George Ltd 
in 1972, but is now out of print. It should soon be available from a new 
publisher. For details, contact Miss J faegarry, Scottish Microelectronics 
Development Programme, 74 Victoria Creicent Road, Glasgow G12 9JN 
Type ofgxercise: board game. 

Courses for which exercise ts suitable. The exercis*; is designed for use in 
teaching electrical circuit theory at a wide range of levels from late primary 
through secondary to early tertiary. It can be used in general science, 
physics, electronics and electrical engineering courses. t 
Educational aims, to consolidate and reinforce new ideas about electric 
circuits just discovered in the laboratory or classroom. 
Number of participants needed. The game package is designed for use by 
up to 4 people and, by using multiple sets of the package, the exercise can 
be used with a class of any size. 
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Time required Each gamr in the package requires a minimum of 10 • 15 
minutes, plus an initial familiarization time of 10 30 minutes. 
Contents of package board, set of playing pieces, game manual (for use 
by teacher or students). 
Special facilities required: none* 

Outline of exercise Circuitron is not a single game, but a family of games 
ranging from very simple ro very difficult. In each game, a player (or.pair 
of players) draws a 'hand 1 of playing pieces (cardboard rectangles 
representing electrical components such as cells, Switches and bulbs) and 
tries to fit these into slots in the board in such a way as to make a valid 
electrical circuit. Each type of playing piece has an assigned value, and 
points are scored according to the total value of the pieces in the circuit 
formed. The difficulty of the game jj controlled by (a) varying the number 
and type of pieces used and (b) vary ing the detailed rules by which circuits 
am be formed 

ENERGY CONVERSIONS 

Authors: R D Stamp & W Harrison 

Publisher Longman Group Ltd, Resources Unit. 91 1 1 The Shambles, York 
First published- .1975 
Price. £0.55 

Type oj exercise board game. 

Courses for which exercise is suitable physics courses at middle to u*pper 
secondary school level. 

i. due at tonal aims to make the participants aware of the importance ,of the 
sun as an energy source (directly and indirectly) on earth, and of the 
inter -relationships between different forms of energy such as mechanical, 
heat, radiant, chemical and electrical, in addition the exercise is designed 
to develop literary skills. 

Sumber of participants needed 6 players working in pairs. 
Tune required. I school double period of roughly \ l A • IVj hours. 
Contents of package A4 booklet in which the three outer sheets (of thin 
card) form the two play wg boards and other game materials. The inner 
>heets (of paper) constitute an 8 page background reader/instructional 
booklet for the pupils. 

Special facilities required scissors. 60 pieces of card on which to write 
questions, felt pens in 6 different colours. 

Outline of exercise Energy Conversions is played in 2 parts. In the first, 
each pair of players initially prepares 15-20 questions which relate to 
their energy class (food and solar energy, fuels and air and water). In 
addition ea'Ch player prepares 2 questions relating to nuclear energy. Each 
plaver has then to progress along board 1 to an energy class different from 
the one from which he started, by answering the questions set by 
colleagues. In the second (using board 2). each player has to move around 
the board, which represents the different energy inter con version processes, 
collecting tokens on the way. 
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FLOW THROUGH A N6ZZLE 1 

Inquiries: R Lewis, Educational Computing Section, Chelsea College, 
Pulton Place, London SW6 5PR 

First published: 1977 ; 

Type of exercise: computer simulation. 

Computer language: BASIC or FORTRAN. * ' ~~ 

Courses for which exercise is suitable; physics courses at tertiary level. 
Educational aims: to reinforce teaching on flow through nozzles. 
Number of participants needed: The exerc.se can be used either 
individually or with small groups. 
Time requ ired: 1 h o u r . / 

Contents of package: teacher's guide, students' notes, computer program. 
.Special facilities required: graphics terminal. . 

Outline of exercise: The student specifies the exact pressure of a de Lavel 
nozzle. The program displays the nozzle profile beneath a plot of pressure 
gainst position along the nozzle, and also any shock wives which occur. 

FREE FALL WITH AIR RESISTANCE 

Inquiries: R Lewis, Educational Computing Section, Chelsea College, 

Pulton Place, London SW6 5 PR 

First published: 1977 

Type of Exercise: computer simulation. 

Computer language: BASIC or FORTRAN. % 

Courses for wbicb^exercijjf is suitable: physics courses at tertiary level. 

Eakcaxional aims: to allow students to study the motion of a body falling 

under gravitational forces in a resisting medium. * 

Number^of participants needed: The exercise can be used cither * 

individually or with small groups. 

Time required: 1 hour. 

Contents of package: teacher's guide, students* notes, computer program. 
Special facilities required: graphics terminal ^ 
Outline pf exercise: The first part of the program allows students to plot 
^elocitx-time and distance-time graphs for differenunitial and terminal • 
velocities, and different power laws of air resistance. The second part 
simulates a parachute jump and the user can search for the time of opening 
needed in order to reach the ground safely in a minimum time. 

GASEOUS DIFFUSION * • % % .v 

Authors: R D Masterton, J Harris & R Lewis \ 
Publisher: Schools Council, distributed by Edward Arnold (Publishers) Ltd, 
London ./ 
First published: 1978 * 

Price: part of a pack Computers in the Physics Curriculum, edited by 
R D Masterton and D C F Chaundy, price £14,00 
Type of exercise: computer simulation. 
Computer language: BAS^C. 

Courses for which exetctse ts suitable: physics courses at upper secondary 
lower tertiary levels. 

" 



ERIC 



134 



GAMES AND SIMULATIONS IN SCIENCE EDUCATION 



Educational aims to enable study in depth of (a) why the molecules of a 
diffusing gas always spread out, and (b) why the molecules of a diffusing 
gas will never come together in one place. 
Number of participants needed: The exercise can be used either 
individually or with small groups. 

Contents of package teacher's notes, students' notes, computer program. 
Special facilities required, interactive computer terminal or microcomputer. 
Outline of exercise The exercise involves an extended study of simple 
models of gaseous diffusion, progressing from shuffling counters at 
random to an understanding of the statistics of 1 million particles moving 
at random between 2 halves of a box. 

GRAVITATIONAL FIELDS 

Author J Harris " " 

Publisher Schools Council, distributed by Edward Arnold (Publishers) 
Ltd, London 
First published: 1978 

Price part of a pack Computers in the Physics Curriculum, edited by 
K 1) Masterton and D C F Chaundy, price £14.00 
Type of exercise, computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable, physics courses at middle 
secondary level. 

Educational aims to improve students' understanding of what is meant 
by escape velocity. 

Number of participants needed. The exercise can be used either 
individually or with small groups. 

Contents of package teacher's notes, students' notes, computer program, . 
Special fit Hi ties required interactive computer terminal or microcomputer. 
Outline of exercise This simulation involves an investigation of simple 
gravitational motion, and deals with the maximum distance travelled by 
objects launched vertically. It attempts to teach the meaning of the term 
'escape velocity*. 0 

HJ0M0OPOWER 

Authors: H I Ellington & E Addinall 

Publisher The Institution of Electrical Engineers, Savoy Place, London 

WC2R0BL 

First published: 1977 

Price: £15 (inc p & p) 

Type of exercise a manual multi-project pack based on a simulated 
case study. 

Courses for which exercise is suitable, physics, engineering science, science 
in society, gepgraphy, economics and general studies courses at upper 
secondary and lower tertiary levels. 

Educational aims to make the participants aware of the technical 
principles and economics of hydro-electric pumped storage, to cultivate 
interpretative, analytical, decision-making, communication and 
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interpersonal skills. 

Number of participants needed: Each project is suitable for use with a 
class of up to 24 pupils or students, but can also be used with much 
smaller numbers. 

Time required: The projects vary in length from 1 - 3 hours. 
Contents of package: teacher's guide, introductory leaflets, background 
leaflets, maps, data sheets and project sheets. 
■ Special facilities required: calculators. 

Outline of exercise: Hydropower is a multi-disciplinary multi-project pack, 
a new type of educational package that exploits the samcbasic set of 
resource materials in a series of projects designed for use in the teaching 
of a wide range of academic subjects (sec above). It is based on a scenario 
that involves finding the best site for a 1000 MW hydro-electric pumped , 
storage scheme in a hypothetical area near the west coast of Scotland 
and carrying out a detailed design study on each of the possible schemes. 
The scenario was used as thc-basis of thc*Hydjopower 77 competition 
run by the North of Scotland Hydro-Electric Board for Scottish secondary 
schools in 1976-77. The package contains 6 basic projects, each of which 
deals with a different aspect of the scenario. 

INTERP (UNIT ON WAVE SUPERPOSITION) 
Author: J Harris 

Publisher: Edward Arnold (Publishers) Ltd, London (Chelsea Science 
Simulation Project) 
First published: 1977 
Price: £7.25 

Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses for which exercist is suitable, physics courses at upper secondary 
and lower tertiary levels. 

Educational aims: to focus students' attention on the physical model used 
to explain 'interference and diffraction observations in a way that, because 
of the mathematics involved, is not easy to do without a computer; to 
encourage a more critical attitude to the use of models in physics in 
general by emphasizing and investigating some of the assumptions made 
in this example'. 

Number of participants needed: The exercise can be used either 
individually or with small groups. 
Time required: hours. 

Contents of package: teacher's guide, students' notes, computer program. 
Special facilities required: interactive computer terminal or microcomputer. 
Outline of exercise: The computer program calculates the intensity due 
to the superposition of radiation from two sources, or two slits. The 
program can be used for three investigations with an optional extension, 
in which students can use a more complex model to investigate the effects 
of the direction and distance factors, and of the number of secondary 
sources in each slit. 
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KEEPING WARM 

Authors: R D Stamp 5c W Harrison 

Publisher: Longman Group Ltd, Resources Unit, 9/11 The Shambles, 
York 

First published: 1975 
Price: £0.55 

Type of exercise: board game. 

Courses for which exercise is suitable physics courses at upper secondary 
level. 

Educational aims: to help the participants understand the way in which 
heat losses from a house can be determined and how these heat losses can 
be reduced by introducing a range of insulation measures. 
Number of participants needed: 2-4 players. 
Time required: 1 school double^period of roughly VA - lfc hours. 
Contents of package: A4 booklet whose outer sheets (of thin card) are 
used to prepare the board and other playing materials. The inner sheets 
(of paper) constitute an 8-page background reader/instructional booklet 
for the pupils. 

Special facilities required: scissors to prepare playing materials, 
matchsticks foi mounting spinners, electronic calculators. 
Outline of exercise.- The board represents a house which has to have its 
heating requirements determined (the areas of possible heat loss being 
identified). The participants have to determine (a) the heat losses and 
(b) sites of heat sources and the heating requirements. They then look 
into the advantages of insulation measures. Finally, once their system is 
complete, the reverse of the game board is used to complete a fuel cost 
and Upvalue analysis. 

MASS SPECTROMETER 
Author: R D Mastcrton 

Publisher Schools Council, distributed by Edward Arnold (Publishers) 

Ltd, London 

First published: 1978 

Price part of a pack Computers in the Physics Curriculum, edited by 
R D Masterton and D C F Chaundy, price £14.00 
Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable, physics courses at upper secondary 
and undergraduate levels. 

Educational aims, to allow students to acquire an understanding of the 
physics of the mass spectrometer in terms of the instrument itself, 
methods of obtaining useful output and interpretation of output. 
Number of participants needed: The exercise can be used either 
individually or with small groups. 

Contents of package teacher's notes, students' leaflets, computer program. 
Special facilities required interactive computer terminal or microcomputer. 
Outline of exercise: The exercise is a simulation of a mass spectrometer 
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experiment which leads students towards the eventual identification of 
ions in an 'unknown sample*. Investigations from a range of supplied 
samples may be tried, and further samples can be added to the simulation. 

NEWTON (UNIT ON SATELLITE ORBITS) 
Author: J Harris 

Publisher: Edward Arnold (Publishers) Ltd, London (Chelsea Science 
Simulation Project) 
First published: 1975 
Price: £7.25 

Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable- physics courses at middle and upper 
secondary levels. 

Educational aims, to extend students' knowledge of projectile motion; to 
appreciate how the application of Newton's second law and his law of 
gravitation lead to the prediction of satellite orbits; to create an awareness 
of the possible shapes of orbits; to apply the idea of conservation of energy 
in a new situation. 

Number of participants needed: The exercise can be used either 
individually. or with small groups. 
Time required: VA - 2 hours. 

Contents of package, teacher's guide, students' notes, computer program. 
Special facilities required, interactive computer terminal or microcomputer. 
Outline of exercise: The computer program uses an iterative method to 
calculate the path of a projectile launched horizontally. An introductory 
text and a series of questions prepare the student for work at the terminal. 
The student is challenged to find the initial velocity needed for the 
minimum (circular) orbit. 

PBAHR 

Author: C Aust (available from the author at the School of Physics, 

Robert Gordon's Institute of Technology, Aberdeen) 

First published: 1979 

Type of exercise: computer simulation. 

Computer language: BASIC. « 

Courses for which exercise is suitable, physics, chemistry and engineering 
courses at upper tertiary level. 

Educational aims, to enable the student to investigate the phenomenon of 
quart turn- mechanical penetration of a potential barrier by a beam of 
particles. , 

Number of participants needed: 1 or 2. 
Time required; roughly 30 minutes. 
"Contents of package: students' notes, computer program. 
Special facilities required, interactive computer terminal, pocket calculator. 
Outline of exercise: The program requests the height and width of the 
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out the probability of penetration of the barrier by the particles. The 
effect of varying each or all of the parameters can be examined. 

PHOTO-ELECTRIC EFFECT 
Authors: M Doss & R D Masterton 

Publisher: Schools Council, distributed by Edward Arnold (Publishers) 

Ltd, London 

First published: 1978 

Price: part of a pack Computers in the Physics Curriculum, edited by 
R D Masterton and D C F Chaundy, price £14.00 
Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable: physics courses at upper secondary 
and lower tertiary levels. 

Educational aims, to provide students with simple practical experience of 
photo-electric emission, to enable students to understand the development 
of Einstein's photo-electric equation; to enable students to understand 
how Millikan's photo-electric experiment was used to confirm Einstein's 
equation. 

Number of participants needed: The exercise can be used either 
individually or with small groups. 

Contents of package, teacher's notes, students' leaflets, computer program. 
Special faciltttes required, interactive computer terminal or microcomputer. 
Outline of exercise This computer exercise is designed to be used in 
conjunction with a series of more formal laboratory experiments. It 
involves a simulation of the photo-electric effect followed by a simulation 
of Millikan's apparatus. 

PHYSICS CROSSWORDS 

Authors: A G Hudson & C M Eveling 

Publisher. Sigma Technical Press, 23 Dippons Mill Close, Tettenhall, 
Wolverhampton WV6 8HH 
First published: 1978 
Price: £1.25 

Type of exercise: set of crossword puzzles. 

Courses for which exercise is suitable, physics courses at middle and 
upper secondary level (specifically designed for English O and A-levcl 
courses). 

Educational aims, to serve as a reinforcement and revision tool covering 
all aspects of physics included in the above courses. 
Number of participants needed, can be used with groups of any size or 
for private study. 

Time required. Each crossword requires roughly 30 minutes to complete. 
Contents of package: teacher's guide, set of 20 crosswords (1 copy of 
each) with solutions. , - * 

Special facilities required: none. 

Outline of exercise: The participants complete the crosswords in the 
:onventional way. The 20 puzzles in the pack are designee! for use at 
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different levels and cover different branches of physics (heat, light, 
electricity, etc). 

PLANETARY MOTION 

Authors: D C F Chaundy 8c R D Masterton 

Publisher. Schools Council, distributed by Edward Arnold (Publishers) 

Ltd, London 

First published: 1978 

Price, part of a pack Computers in the Physics Curriculum, edited by 
R D Masterton and D C F Chaundy, price £14.00 
0 Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses fonvhich exercise is suitable: physics courses at middle and 
upper secondary levels. 

Educational aitrts: to assist in the teaching of elementary ideas of 
astronomy, simple relationships between variables, and Newton's law 
of gravitation and its applications. 

Number of participants needed: The exercise can be used either 
individually or with small groups. 

Contents of package, teacher's notes, students* notes, computer program. 
Special facilities required, interactive computer terminal or microcomputer. 
Outline of exercise. Students analyse real and generated orbit data which 
lead them towards the laws of planetary motion. At the younger level, this 
exercise is suitable for students who are learning about direct 
proportionality, while for older students the exercise also covers simple 
Newtonian gravitation applied to orbit theory. 

POWER FOR ELASKAY 

Authors: H 1 Ellington 8c E Addinall 

Publisher: The Institution of Electrical Engineers, Savoy Place, 

London WC2R0BL 

First published: 1978 4 

Price: £7.00 (inc p 8c p) 

Type of exercise, a structured lesson built round a (manual) simulated 
case study. 

Courses for which exercise is suitable, physics, engineering science, science 
in society and general studies courses at upper secondary and lower 
tertiary levt^s. 

Educational aims, to make the participants aware of the technical and 
economic feasibility of exploiting different alternative energy resourcesi 
to cultivate interpretative, analytical, decision-making, communication 
and inter-personal skills. 

Number of participants needed: The exercise is designed for use with a 
class of up to 25 pupils or students, but can be used with lower numbers 
(min 5). 

Time required. 5 school periods of roughly 35 -40 minutes each or 
equivalent (including preliminary lesson). 4 
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Contents of package teacher's guide and background booklet, introductory 
sheets, project sheets and work sheets. 

Special facilities required, calculators, overhead projector, blank OHP 
transparencies and felt pens. 

Outline of exercise- Power for Elaskay is a structured lesson on alternative 
energy built round a simulated case study. It is based on the hypothesis 
that Elaskay, an imaginary island supposedly located somewhere off the 
west coast of Scotland, has to replace its existing electricity generating 
plant over the next few years and has decided to meet its future electricity 
requirements by exploiting its natural energy resources - peat, solar 
energy, wind energy, tidal energy and hydro-electric power. The 
participants have to carry out technical and economic appraisals of 
each of these resources and then devise a 50-year rolling programme for 
meeting the island's future electricity needs. 

POWER STATION PROJECT 
Author: H I Ellington & E Addinall 

Publisher The Association for Science Education, Calege Lane, Hatfield, 
Herts ALIO 9AA > 
First published: 1980 

Type of exercise: manual simulated case study. 

Courses for which exercise is suitable. The exercise was specially developed 
for use in the ASE's Science in Society AO level course, and is suitable for 
use in science in society and general studies courses at upper secondary 
and lower tertiary levels, 

Educational aims to make the participants aware of the basic technical 
principles and economics of electricity generation and of how power 
stations are planned, to cultivate interpretative, analytical, decision-making, 
communication and inter-personal skills. 

Number of participants required The exercise is designed for use with a 
class of up t o 24 pupils or students, but can be used equally effectively with 
smaller numbers (min 6). 

Time required: 3 school periods of roughly 35 -40 minutes each or 
equivalent. 

Contents of package teacher's guide, student booklets, maps and other 
resource materials. 

Special facilities required calculators, overhead projector, blank OHP 
transparencies and felt pens. 

Outline of exercise The Power Station Project is a highly abridged, greatly 
simplified version of The Power Station Game (see page 144). Like the 
latter, it is based on the hypothesis that a policy decision has been reached 
to build a 2000 MW power station in a certain (imaginary) area. The object 
of the exercise is to draw up plans for three alternative schemes (a coal- 
firtd station, an oil-fired station and a nuclear station) and then to decide 
which should be built. 
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PSTEP 

Author. C Aust (available from the author at the School of Physics, 

Robert Gordon's Institute of Technology, Aberdeen) 

First published: 1978 

Type of exercise: computer simulation. 

Computer language: BASIC. 

Courses for which exercise ts available physics, chemistry and engineering 
courses at upper tertiary level. 

Educational aims, to enable the student to investigate the phenomenon of 
quantum-mechanical reflection and transmission of a beam of particles by 
a potential step without the need for extensive numerical calculation. 
Number of participants needed: 1 or 2. 
Time required: x h • 1 hour. 

Contents of package: students' notes, computer program. 
Spectal facilities required interactive computer .terminal^pocket calculator. 
Outline of exercise. The program requests the height of the potential step 
and the mass and energy of the incident particles. It responds by printing 
the real part of the wave function for the incident, reflected and 
transmitted beams, together with the coefficients of reflection and 
transmission. The wave function may be displayed in tabular and/or 
graphical form. The effect of varying each or all of the parameters can 
be examined. 9 

PWELL 

Author: C Aust (available from the author at the School of Physics, 

Robert Gordon's Institute of Technology, Aberdeen) 

First published: 1978 

Type of exercise: computer simulation. 

Computer language: BASIC. 

Courses for which exercise is suitable physics, chemistry and engineering 
courses at upper tertiary level. 

Educational aims, to enable the student to investigate the dependence of 

the energy eigenvalues available to a particle in a potential well of finite 

depth on the depth and width of the well and the mass of the particle. 

Number of participants needed: 1 or 2. . 

Time? required: roughly 30 minutes. 

Contents of package, students' notes, computer program. 

Special facilities required, interactive computer terminal, pocket calculator. 

Outline of exercise. The program requests the depth and width of the 

potential well and the mass of the particle. It responds by printing the 

quantum numbers and energy eigenvalues, measured from the top of the 

well. The effect of varying each or all of the parameters can be examined. 

RADIOACTIVE DECAY 

Authors: B Sam ways & R D Masterton 

Publisher. Schools Council, distributed by Edward Arnold (Publishers) 
Ltd, London 
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Price: part of a pack Computers in the Physics Curriculum, edited by 
R D Masterton and DCF Chaundy, price £14.00 
Type of exercise; computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable: physics courses from middle 
secondary to lower tertiary level. 

Educational aims to illustrate the exponential nature of radioactive decay, 
to provide an introduction to the concept of a radioactive series and how 
equilibrium in a series can occur; to teach thegncaning of common 
radioactive terminology. 

Number of participants needed: The exercise can be used either 
individually or with small groups. 

Contents of package teacher's notes, students 1 leaflets, computer program. 
Special facilities required interactive computer terminal or microcomputer. 
Outline of exercise This exercise combines laboratory investigations with 
* computerized models of simple and series radioactive decay phenomena. 

SATE LUTE MOTION 

Inquiries R Lewis, Educational Computing Section, Chelsea College, 

Pulton Place, London SW6 5PR 

First published: 1977 

Type of exercise: computer simulation. 

Computer language: BASIC or FORTRAN. 

Courses for which exerctse, is suitable, physics courses at tertiary level. 
Educational aims to increase students' understanding of the relationship 
between the energy of a satellite and the corresponding orbit. 
Number of participants needed: The exercise can be used either 
individually or with small groups. 
Time required: 1 hour. 

Contents of package, teacher's guide, students' notes, computer program. 
Special facilities required: graphics terminal. 

Outline of exercise The student determines the launching angle and speed 
of the satellite, although he may change the satellite speed, and thereby 
the orbit, after the launch. The corresponding orbit is displayed on the 
graphics terminal, with the corresponding energy diagram. 

SCATTER (UNIT ON PARTICLE SCATTERING) 
Author: J Harris 

Publisher: Edward Arnold (Publishers) Ltd, London (Chelsea Science 
Simulation Project) 
First published: 1975 
Price: £7.25 

Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable, physics courses at upper secondary 
and lower tertiary levels. 

Educational aims to introduce students to the notion that by bombarding 
q ~n object with, particles one can learn something of its nature (shape, 

.HIS .- ISO' 



DATA SHEETS ON SCIENCE-BASED EXERCISES 



143 



size, etc) from the scattering it produces, to increase understanding of the 
use of models in physics; to give some appreciation of the achiever tent 
of Rutherford, (Riger and Marsden. 

Number of participants needed: The exercise can be used either 

individually or with small groups. 

Time required: \Vi - 2 hours. fc 

Contents of package, teacher's guide, students 1 notes, computer program. 
Special facilities required, interactive computer terminal or miciocomputer. 
Outline of exercise. This unit is designed to complement more traditional 
methods in teaching about the 'Rutherford* scattering experiment. There 
are three parts to the unit. In the first simulation 'marbles' are scattered 
by hard, massive objects of regular shape. The second involves particles 
scattered by a hard object or by an 4 inverse-square scatterer'. The final 
simulation involves the scattering of alpha particles by a thin foil, using 
a simple nuclear model. 

THE ELECTRIC CIRCUIT 
Authors: R D Stamp & W Harrison 

Publisher. Longman Group Ltd, Resources Unit, 9/11 The Shambles, 
York 

First published: 1975 
Price: £0.55 

Type of exercise: board game. 

Courses for which exercise is suitable physics courses at ir»i^dle to upper 
secondary school level. 

Educational aims, to make participants aware of the roles played by 

electrical components (cells, ammeters, voltmeters, resistances, bulbs, etc) 

in electrical circuits, to help the participants gain experience of simple 

electrical circuit design. 

Number of participants needed: 2 • 6 players. 

Time required 1 school double period of roughly VA - VA hours. 

Contents of package: A4 booklet, in which the outer 3 sheets (of thin 

card) form the board, playing materials and electrical circuit cards. The 

inner sheets (of paper) constitute an 8-page background reader/ 

instructional booklet for the pupils. 

Special facilities required, scissors, felt pens in 6 different colours, 
2 matchsticks for mounting spinners. 

Outline of exercise The participants first select an individual electrical 
circuit card which they wish to study (each circuit is made up of 7 
components). They then move round the board, which represents an 
electrical circuit containing a selection of common components connected 
in scries and in parallel, collecting as they go the electrical components 
they need to build the circuit shown on their card. The players then 
calculate any meter shunt/multiplier values in their dhoscn circuit. 
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THE POWER STATION GAME 

Authors. H I Ellington (editor), K Addinall, T Carnie, A G Garrow, 

J Graham, K Jackson, N H Langton & J R Muckersie 

Publisher: The Institution of Electrical Engineers, Savoy Place, 

London WC2R0BL 

First published: 1976; revised 1979 

Price: £25 (inc p & p) 

Type of exercise: manual simulation game. 

Courses for which exercise is suitable, physics, engineering, sciehce, science 
in society and general studies courses at upper secondary and lower 
tertiary levels. 

Educational aims: to make the participants aware of the technical 
principles and economics of electricity generation and of how power 
stations are planned, to cultivate interpretative, analytical, decision-making, 
communication and inter-personal skills. 

Number of participants needed, optimum number 18 (min 12, max 24). 
Time required: roughly 2 - 2ti days. 

Contents of package; Teacher's guide, introductory booklets, data 
booklets, maps, instruction sheets, etc. 

Special facilities required, calculators, overhead projector, blank OHP 
transparencies and felt pens. 

Outline of exercise. The Power Station Game is based on the hypothesis 
that a policy decision has been reached to build a 2000 MW power station 
in a certain (imaginary) area; the object of the exercise is to reach a 
decision as to what type of station should be built (coal-fired, oil-fired 
or nuclear) and where it should be sited. The participants are divided into 
three competing teams, each of which has first to prepare and then 
present a case for building one particular type of station. An independent 
jury selects the best scheme, and the exercise is then brought to a 
conclusion by holding a simulated public inquiry into this scheme. 

THE SOLAR SYSTEM - SPACE PROBE 
Authors: R D Stamp & W Harrison 

Publisher: Longman Group Ltd, Resources Unit, 9/11 The Shambles, 
York 

First published: 1975 
Price: £1.10 

Type of exercise: board game. 

Courses for which exercise is suitable, physics courses at upper secondary 
level. 

Educational aims, to help the participants understand the way in which 
the relevant laws of physics can be applied to space travel within the 
solar system. 

Number of participants needed: 2 - 6 players. 
Time required: 1 school double period of roughly 114 - IV* hours. 
Contents of package. 2 A4 booklets whose outer sheets (of thin card) are 
used to prepare the board and other playing materials. The inner sheets 
fnf paper) constitute 2 - 8 page background readers/instructional booklets 
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for the pupils. 

Special foalittes required, scissors to prepare playing materials, matchstieks 
to mount spinners, electronic calculators. 

Outline of exercise. The game is in two parts. In the first, the participants 
take the role of flight directors in charge of a manned, fact-finding probe 
40 one of the planets. They have to calculate thrust requirements for their 
destination and prepare a reference trajectory which they hope to follow 
in the second part (they arc given control sheets to fill in at this stage). 
The required trajectory is then plotted on their control sheet for future 
reference. In the second, they move over the board (which simulates the 
solar system) from the launch-point to the target planet and back to 
earth in stages, answering questions at each stage. The winner is the first 
probe to splash down, having successfully completed its mission. 

Section 2: Chemistry-based exercises 

A FERTILIZER TO ORDER (CHEMISTRY IN ACTION - 8) 
Author: N Reid 

Publisher: Heine man n Educational Books, London 
First published: 1980 

Price, part of a textbook Chemistry About Us by A H Johnstone, 

T I Morrison and N Reid. 

Type of exercise: manual case study. 

Courses for which exercise is suitable: chemistry courses at middle 
secondary level (specifically designed for Scottish O Grade), 
Educational aims, to give the participants some basic knowledge of the 
chemical nature of fertilizers, awareness of some of the factors that 
influence choice of fertilizers, and awareness of the contribution of 
chemistry to food production; to help cultivate inter-personal, 
communication and data-handling skills. 

Nu tuber of participants needed: groups of 3 or 4. 0 
Time required: roughly 60 minutes. 

Contents of package, part of textbook (one textbook required per 
participant). 

Special facilit ie s req u ired: none. 

Outline of exerctse. Pupils consider data provided on a range of compounds 
which might be useful in designing a fertilizer. They have to select suitable 
compounds, and then carry out a costing in making a tonne of the 
fertilizer mixture. 

A PROBLEM FOR THE CHEMIST 
Author: N Reid 

Publisher. Scottish Council for Educational Technology, Dowanhill, 
Victoria Crescent Road, Glasgow 
Virsupublisbed: 1977 
ifWc* £4.50 

Type of exercise: manual case study. ^ 
A~"rses for which exercise is suitable, chemistry courses at middle 
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secondary Icycl (designed specifically for Scottish O Grade}). 
Educational aims: to develop (a) an awareness of the importance of 
nitrogen and fertilizer production in world food problems; (b) an 
understanding of the key importance of research and ijrs motivational 
aspects. 

Number of partcipants needed: any number up to 20. 
Time required: 1 sctfool period of roughly 40 - 45 minutes. 
Contents of package: tape and booklets. 
Special facilities required: cassette player. 

Outline of exercise: A tape guides the pupils through a short booklet, in 
which the history of nitrogen is discussed, and the present industrial 
practice outlined. The booklet ends with a series of questions that must , 
be faced in the future. 

r * 

BATCH OR FLOW 
Author: N Reid 

Publisher: Education Division, The Chemical Society, Burlington House, 

Piccadilly, London Wl V OBN 

First published: 1979 » 

-Price: £1.50 

Type of exercise: manual case study. 

Courses for which exercise i$ suitable, chemistry courses at upper 
tertiary level. 

Educational aims, by allowing students to take a series of simulated 
production and design decisions, to help them appreciate the way in 
which the chemical industry is radically different from the type of 
chemistry they encounter in traditional courses. 
Number of participants needed: 6 or more. 
Time required: roughly 3 hours. 

Contents of package, teacher's guide» briefing and resource sheets for 
participants. 

Special facilities required: none. 

Outline of exercise: Students are faced with the problem of an 
explosive (PETN), which is obtained in an impure form from its synthesis. 
.They have to select a solvent that is suitable for a possible purification 
s ptocess. The next step is to obtain pure crystals of PETN from this solvent. 
Finally, they have to consider two possible process routes (batch or flow), 
and make recommendations for research which should be considered. 

CASE STUDIES IN CHEMICAL ENGINEERING 

Publisher. ICI Educational Publications. Obtainable from The Kynoch 

Press, Thames House North, Mill bank, London SW1P 4QG 

First published: 1974 

Price: £1 for 10 (or 25p per copy)'- 

Type of exercise: manual case studies. 

Courses for which exercise is suitable: chemistry courses at upper 
secondary level. 

q ~ tucational qlms. to help the participants appreciate the role of chemical 
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engineering in a modern technological society. 

Number of participants needed, depends on number of copies available — 
*• no specific restriction. 
Time required: up to 1 hour for each case study. 
- Contents of package: self-contained booklet. 
Special facilities required: none. 

Outline of exercise: The package contains 5 structured case studies which 
can be used as the basis of taught lessons or individual study. The case 
studies have the following titles: 

1. Aniline: manufacture by continuous liquid phase hydrogenation. 

2. Lime: the conversion of lime kilns from coal to gas firing. 

3. New Protein: design and scale-up of a protein ferme^ter. 

4. Tetrafluoroethylenc: manufacture by steam pyrolysis.* 

5. Sulphuric Acid: removal of sulphuric acid mist from plant exhaust 
gases. 

CHEM BINGO 

Author: R L Gang 

Publisher. Teaching Aids Co, 925 South 300 West, Salt Lake City, 
Utah 84101, USA 
First published: 1971 

Price: $6.00 . v 

Type of exercise: manual game. 

Courses for which exercise is suitable: chemistry and general science 
courses at middle secondary level. 
^ Educational aims, to help the participants memorize the symbols of 
different ions and elements. 

Number of participants needed: The game <>n be used with a class of 
any size. 

Time required: at the discretion of the teacher. 

Contents of package. 4 pads of Bingo Game Sheets (consumable), 2 call 
lists (elements and ions) 

Special facilities required* 25 cover pieces per player, or a pencil for each 
student. 

Outline of exercise* The game is played in the same way as conventional 
Bingo, using the call lists included in the package. 

V CHEM CHEX 
Author: R LGang 

Publisher. Teaching Aids Co, 925 South 300 West, Salt Lake City, 
Utah 84101, USA 
First published: 1971 
Price: $9.95 

Type of exercise: a family of 5 board games. 

Courses for which exercise is suitable, chemistry and general science 

courses at middle secondary level. 

Educational aims* to develop an understanding of elements and ions and 
rhi»Avay in which they combine to form chemical compounds. 

ERIC 
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Number of participants needed: 2 - 4. 



Time required: 20 - 30 minutes. 
Contents of package, checker (draughts) board, set of checkers (draughts), 
punch-out labels, chemical formulae chart, instruction^ooklet and periodic 
table. 

Special facilities required: none. , 
Outline of exercise: .Chem/Ghex is a family of five games that vary 
considerably in difficulty. They are all played with checker (draught)-Hke 
pieces on a checker (draught) board, using basically -the samejules as 
v checkers (draughts). The games end when all the pieces of one player or 
team have been captured, the winner being the player or team with 
most points; not most pieces. 

CHEM CUBES ELEMENTS 
Author: R L Gang 

Publisher: Teaching Aids Co, 925 South 300 West, Salt Lake City, 
Utah 84101, USA 
First published: 1972 
Price: $7.00 

Type of exercise: series of 8 manual games. 

Courses for which exercise is suitable: chemistry and general science 
courses at middle secondary level. 

Educational aims, to develop understanding of the elements and the use 

of the periodic table. 

Number of participants needed-. 4 - 6. 

Time required: 30 - 45 minutes. 

Contents of package, 6 wooden cubes, shaker cup, score pad, instruction 
booklet. 

Special facilities required, periodic chart of elements (can be obtained 
free by writing to Publications'Business Manager, Merck & Co Inc. 
Rahway, New Jersey 07065, USA). 

Outline of exercise Each person rolls the same cube, and determines^the 
atomic number of the'elemcnt rolled from the periodic table', the player 
with the highest score then plays first. Play consists of rolling cubes, and . 
giving the answer for the combination rolled, points being scored for 
correct answers. One round is completed when everyone has had a turn 
to roll the cubes> 12 rounds complete the game. The 8 games in the series 
"are arranged in a sequence covering the range olf skills to be mastered. 
Students are also encouraged to devise their own games. 

CHEMICAL CROSSWORDS 
Authors: A G Hudson & S Hind 

Publisher Sigma Technical Press, 23 Dippons Mill Close, Tettenhall, 
Wolverhampton WV6 8HH 
First published: 1977 
Price: £1,25 

Type of exercise: set of crossword puzzles. 

Courses for which exercise is suitable, chemistry courses at middle and 
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upper secondary, level (specifically designed for English 0- and A-level 
courses). 

Educational aims: to serve as a reinforcement and revision tool covering 
all aspects of/chemistry included in the above courses. 
Number of participants needed, can be used with groups of any size or 
for private study. 

Time re quire di each crossword requires roughly 30 minutes to complete. 
Contents of package: teacher's guide, set,, of 20 crosswords (1 copy of 
each) with solutions. 
Special facilities required: none. 

Outline of exercise: The participants complete the crosswords in the 
conventional way, all the answers being chemical formulae or numerical 
answers to chemical problems. The 20 puzzles in the pack are designed 
for use at different levels, and cover different branches of chemistry 
(organic and inorganic). 

CHEMICAL ELEMENT GAME 

Authors: K Shaw, P Hepburn & D Want 

Publisher: Schools Council, distributed by Edward Arnold (Publishers) 

Ltd, London 

First published: 1978 

Price: part of a pack Computers in the Chemistry Curriculum, edited by 
K Shaw and D Want, price £15.00 
Type of exercise: computer game. 
Computer language: BASIC. 

Courses for which exercise is suitable: chemistry courses at upper 
secondary and lower tertiary levels. 

Educational aims, to encourage students to apply their knowledge of the 
properties of some elements and their compounds, and of trends in the 
periodic table. 

Number of participants needed: The exercise can be used by competing 
individuals or competing small groups. 

Contents of package, teacher's notes, students' leaflets, computer program. 
Special facilities required, interactive computer terminal or microcomputer. 
Outline of exercise: This is a competitive game which reviews the # 
properties of some elements and their compounds. In the game students 
attempt to identify a mystery element from a total of 34. The aim is to 
identify each element using the minimum amount of information from 
the computer. 

CHEMICAL FAMILIES 

Authors: R D Stamp & W Harrison 

Publisher: Longman Group Ltd, Resources Unit, 9/11 The Shambles, York 
First published: 1975 
Prices £0.55 

Type of exercise: card (and board) game. 

Courses for which exercise is suitable, chemistry courses at middle to 
upper secondary school level. 
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Educational aims: to help the participants remember and gain some 
understanding of the way in which the elements are grouped in families 
with similar physical and chemical properties in the periodic table. 
Number of participants needed: 1-6 players. 

Time required: 1 school period of roughly 35 -40 minutes for each game. 
Contents of package: A4 booklet, in which the two outer sheets (of thin 
card) are used to prepare the board and playing cards. The innermost* 
sheets (of paper) constitute an 11-page background reader/instructional 
booklet for the pupils. 

Special facilities required: scissors to prepare playing cards. 

Outline of exercise: There are three different games in this package: 

Came I — for 2 - 6 players. It is based on the card game known as sevens. 

The element cards are dealt (10 to each player) and each player first has 

to arrange his cards into periodic table order and then place them on the 

board (representing the periodic table) in his turn. 

Game 2 - for 2 - 4 players. This is a rummy-type card game in which 

players have to collect groups of element cards and place them on the 

board. The winner is the first player to clear his hand (apart from 2 cards) 

or to complete group VIII. \ 

Game 3 - for 1 player. A game of patience in which 3 rows of 9 cards 

are dealt (and laid on top of each other) face downwards. A fourth row 

of 9 cards is then placed on top, this time face upwards. The player then 

attempts to complete all groups of the peridoic table in descending order. 

CHEMINOES 

Publisher. Chemical Teaching Aids, Lctham, Ladybank, Fife, Scotland 
KY7 7RN 
Price: £0.55 

Type of exercise: card game. 

Courses for which exercise is suitable, chemistry and general science 
courses at lower to middle secondary level. 

Educational amis, to make the participants aware of the role of valency in 

the combining of elements and radicals to make compounds. 

Number of participants required: 2 • 6 players. 

Time required: separate sessions of 30 minutes, repeated as required. 

Contents of package: set of dominq-typc cards. 

Special facilities required: none. 

Outline of exercise. Different elements and/or radicals are identified on 
each card together with their valency requirements. The pupils have to 
match the ends of the cards in domino fashion, using valencies instead 
of spots. 

CHEMISTRY CASE STUDIES 

Publisher: Joint Matriculation bv ard, Manchester Ml 5 6EU 

Price: £1.50 per copy 

Type of exercise: manual case studies. 
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Courses for which exercise is suitable: chemistry courses at upper 



Educational aims, to help the participants develop an appreciation of the 
social and economic aspects of chemical technology. 
Number of participants needed, depends on number of copies available - 
no specific restriction. 

Time required: upto4hoursfor each case study. 
Contents of package: self-contained booklet. 
Special facilities required: none. 

Outline of exercise. The package contains 6 structured case studies which 
the participants are expected to work through in their own time, class 
teaching being devoted to discussion of principles and conclusions. The 
case studies have the following titles: 

1. A problem of effluent disposal 

2. The use and abuse t drugs 

3. Five routes to ph ol 

4. Sulphur and the environment 

5. The spray-steel process 

6. Salt-based industries. 

CHEMISTRY IN OUR LIVES 
Author: N Reid 

Publisher. Scottish Council for Educational Technology, Dowanhill, 
Victoria Crescent Road, Glasgow 
First published: 1977 
Price: £1.25 

Type of exercise: competitive lecturettc presentation (a game). 
Courses for which exercise' is suitable, chemistry courses at middle 
secondary level (designed specifically for Scottish O Grade). 
Educational aims, to provide (a) an awareness of the impact of chemistry 
on five main areas of daily life; (b) experience in presenting a reasoned 
and compelling argument, (c) experience in judging the case put forward 
by others. 

Number of participants needed: 10-20 players. 

Time required: 1 school double period of roughly VA - VA hours. 

Contents of package: paperwork. 

Special facilities required: none. 

Outline of exercise: 5 groups are formed, each group being given 
information on a different topic. Each group has to prepare a short 
lecturette, and 'Eurovision voting' follows the presentation. 

CHEMSYN 

Authors: G Eglinton & J R Maxwell 

Publisher: Heyden & Son Ltd, Spectrum House, Hillview Gardens, 

London NW4 2JQ 

First published: 1972 *" 

Price: £1.80 

Tvne of exercise: card game. 
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Courses for which exercise is suitable, courses in organic chemistry at 
upper secondary and lower tertiary levels. 

Educational aims to help reinforce and consolidate basic ideas regarding 
(i) the names and classes of simple organic compounds; (ii). basic functional 
group chemistry; (iii) the basic principles of stereochemistry, and 
(iv) simple synthetic chemistry. 

Number of participants needed* The game can be played by a single 
person or by a group of up to 5 . it can be used with a class of any size by 
employing more than one pack. 

Time required. The various games in which the Chemsyn pack can be used 
have a minimum playing time of the order of 20 minutes. 
Contents of package, pack of 50 cards, game manual (for use by teacher 
or students). 

Special facilities required: none. 

Outline of exercise Chemsyn consists of a pack of 50 double-sided cards, 
each depicting a representative member of a particular class of organic 
compounds and giv ng basic information about its principal reactions. 
The object of the game is to use the cards to build up a sequence showing 
how the various compounds (or the classes to which they belong) can be 
inter-converted. In solo Chemsyn, a single player works systematically 
through the pack in solitaire fashion, trying to add each card to the 
overall sequence. In group Chemsyn, the players operate in rummy fashion, 
each trying to get rid of the cards in his hand by adding them to a 
common sequence. 

CHEM TRAK 

Author: R L Gang 

Publisher: Teaching Aids Co, 925 South 300 West, Salt Lake City, 
Utah 84101, USA 
First published: 1975 
Price: $1.95 

Type of exercise board game/case study for individuals or for a whole 
class. 

Courses for which exercise is suitable chemistry and general science 
courses at middle secondary level. 

Educational aims, to help develop understanding of the way in which 

elements and ions combine to form compounds. 

Number of participants needed. 1-30, depending on the way in which 

the material is being used. 

Time required: at the discretion of the teacher. 

Contents of package: 1 Chem-Trak board (1 needed per pupil). 

Special facilities required: none. 

Outline of exercise. The Chem-Trak board can be used either as an 
individualized tutor or as the basis of a competitive exercise. It reviews 
263 different chemical formulae and the names of 552 different 
compounds, and can be used to do a variety of different things, ie 

(i) to name ions and elements around the track 

(ii) to name compounds formed using ions and elements 
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(tti) to write correct formulae and names of compounds 

(iv) to write names of acids 

(v) to study ionic and combination reaction equations 

(vi) to study single replacement reactions. 

CHOOSE A FIBRE (CHEMISTRY IN ACTION - 10) 
Author: N Reid 

Publisher: Heinemann Educational Books, London 
First published: 1980 

Price: part of a textbook Chemistry About Us by A H Johnstone, 
T I Morrison and N Reid. 
Type of exercise: manual case study. 

Courses for -which exercise is suitable: chemistry courses at middle 
secondary level (specifically designed for Scottish O Grade). 
Educational aims, to make the participants aware of the relationships 
between property, use and personal judgement in relation to fibres, and 
help them appreciate that real-life decisions are often based on 
compromise; to help cultivate inter-personal, communication and 
data-handling skills. 

Number of participants needed: groups of 3 or 4. 
Time required: roughly 75 minutes. 

Contents of package: part of textbook (one textbook required per 
participant). 

Special facilities required: none. 

Outline of exercise. Pupils are given data on a range of unnamed fibres. 
They discuss the behaviour required for a fibre for a series of uses, and 
then attempt to select the best fibre(s) from the given range, 

CHOOSING AN ANAESTHETIC 
Author: N Reid 

Publisher. Scottish Council for Educational Technology, Dowanhill, 
Victoria Crescent Road, Glasgow 
First published: 1979 
Price: £2.25 

Type of exercise: simulation. 

Courses for which exercise is suitable, chemistry courses at middle 
secondary level (designed specifically for Scottish O Grade). 
Educational aims, to provide (a) understanding of the basic criteria in 
selecting anaesthetics; (b) experience in sifting data; (c) confidence in 
decision making, (d) awareness of the contribution of chemistry to 
medical advance. 

Number of participants needed: up to 20, in groups. 
Time required: 1 school double period of roughly VA - l l A hours. 
Contents of package: paperwork. 
Special facilities required: none. 

Outline of exercise. Working in groups, pupils are taken through a series of 
decisions to reach new compounds for use as anaesthetics. In a similar way, 
v relive the great triumph as halothane was sought and discovered. 
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COMPETITION AMONG THE METALS 
Authors: R D Stamp and W Harrison 

Publisher Longman Group Ltd, Resources Unit, 9/11 The Shambles, York 
First published: 1975 
Price: £0.55 

Type of exercise: board game. 

Courses for which exercise is suitable chemistry courses at middle to upper 
secondary level. 

Educational aims, to help the participants understand the differing 

reactivity of metals and to demonstrate the reactivity series. 

Number of participants needed: 2, 4 or 6 players. 

Time required: 1 school period of roughly 35 - 40 minutes. 

Contents of package, A4 booklet whose outer sheets (of thin card) are 

used to prepare the board and other playing materials. The inner sheets (of 

paper) constitute an 8-page background reader/instructional booklet for 

the pupils. 

Special facilities required: scissors to prepare playing materials. 
Outline of exercise: The board represents a court on which the players 
(metals) play a badminton-type game. Whether or not a service is called 
good depends upon the state of occupancy of the receiving square in the 
opponents* court. The idea is to try and score points, with metals high in 
the reactivity scries having precedence over those below them. The rules 
for receiving and/or returning service are similar. Play continues until 
one team scores 9 points and is 2 points clear. 

COMPOUNDS 
Author: P Ploutz 

Publisher Union Printing Co lnc, 17 W Washington Street, Athens, 
Ohio 45701, USA 
First published: 1974 

Price, $8.00 (reductions available for orders of 10 or more) 
Type of exercise: card game. 

Courses for which exercise is suitable, chemistry and general science 

courses at lower and middle secondary level. 

Educational aims, to reinforce work on the formation of chemical 

compounds (based on 21 of the commonest elements). 

Number of participants needed: 2-6 

Time required, This varies according to the number and age of the 
participants, but is about 20 minutes. 

Contents of package 80 element cards, 4 jokers, instruction booklet. 
Special facilities required: none. 

Outline of exercise Compounds is designed to reinforce the participants 1 
knowledge of chemical compounds and their formation. The element 
carcis are colour-coded to indicate metals, non-metals, gases, etc and, as 
players become more skilled, they are able to relate cards to the natural 
physical state of the element as well as to its location in the periodic table. 
Compounds complements Elements, another game produced by the same 
q company, although each game is completely self-contained. 
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CONTACT WITH CLEANER AIR (CHEMISTRY IN ACTION - 7) 
Author.- N Re id 

Publisher: Hcincmann Educational Books, London 
First published: 1980 

Price: part of a textbook Chemistry About Us by A H Johnstone, 

T I Morrison and N Reid. 

Type of'exercise: manual case study 

Courses for which exercise is suitable chemistry courses at middle 
secondary level (specifically designed for Scottish O Grade). 
Educational aims: to make the participants aware of the complexity of 
an apparently simple industrial process, of the need for pollution 
legislation, and of the impact of such legislation on industry; to help 
cultivate inter-personal, communication, problem-solving and decision- 
making skills. 

Number of participants needed: groups of 3 or 4. 
Time required: roughly 50 minutes. 

Contents of package, part of textbook (one textbook required for each 
participant). 

Special facilities required: none. 

Outline of exercise. The Contact Process is often presented as a very 
simple process. In this exercise, pupils are exposed to the real-life 
industrial problems associated with the process, and they are led to a 
series of decisions in designing a factory that is economic and able to 
meet current pollution legislation. 

DIS-SOLVING A PROBLEM (CHEMISTRY, IN ACTION - XI) 
Author: NRcid 

Publisher: Heinemann Educational Books, London 
First published: 1980 

Price, part of a textbook Chemistry About Us by A H Johnstone, 

T I Morrison and N Reid. 

Type of exercise: manual case study. • 

Courses for which exercise is suitable, chemistry courses at middle 
secondary level (specifically designed for Scottish O Grade). 
Educational aims, to give the participants some insight into the sort of 
problems encountered in the chemical industry, to help cultivate data- 
handling, communication, problem-solving and decision-making skills. 
Number of participants needed: groups of 3 or 4. 
Time required: roughly 80 minutes. 

Contents of package part of textbook (one textbook required for each 
participant). 

Special facilities required: none. 

Outline of exercise. This exercise considers the industrial purification of 
PETN (a common explosive). Pupils have to select the best solvent for the 
purification process, and then seek to use the solvent in such a way that 
the purification process is efficient and economic. The problem is a 
difficult one, in which pupils have to think beyond their limited school 
inhnratory experiences. 
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ELECTROCHEMICAL CELLS 

Authors: K Shaw, P Hepburn, D Spiers and M Poore 

Publisher. Schools Council, distributed by Edward Arnold (Publishers) 

Ltd, London,. 

First published: 1978 

Price, part of a pack Computers in the Chemistry Curriculum, edited by 

K Shaw and D Want, price £15.00 

Type of exercise: computer simulation. v 

Computer language: BASIC. 

Courses for which exercise is suitable: chemistry courses at upper 
secondary and lower tertiary levels. 

Educational aims, to provide students with an introduction to some of 
the important features of electrochemical cells. 
Number of participants needed: The exercise can be used either 
individually or with small groups. 

Contents of package teacher's notes, students' notes, computer program* 
Special facilities required, interactive computer terminal or microcomputer. 
Outline of exercise. This exercise simulates experiments which investigate 
factors that influence electrode system potentials, including redox cells 
and pH sensitive reactions. 

ELEMENT CARDS 
Author: J i Lipson 

Publisher. Heyden & Son Ltd, Spectrum House, Hill view Gardens, 

London NW4 2JQ. 

First published: 1972 

Price: £2.60 ^ 

Type of exercise: <£rd games. 

Courses for which exercise is suitable, chemistry courses at lower 
secondary to tertiary level. 

Educational aims, to help participants appreciate the importance of the 
periodic classification of the elements, ro cultivate interpretative and 
analytical skills. „ 

Number of participants needed. 1 • 10 (depending on game chosen). 
Time required: sessions of roughly 30 minutes. 
Contents of package: booklet, pack of 104 cards. 
Special facilities required: none. 

Outline of exercise. The package consists of aseriesof9 different card 
games varying in difficulty and sophistication, including rummy, cribbage, 
solitaire, pairs, etc. Each card contains detailed information about one 
element, ie atomic number, name, valency states, melting and boiling 
points, chemical symbol, atomic weight, isotopes and electronic structure. 
Participants have to use some or all of this information to play 
effectively in each of the games. 
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ELEMENTS 
Author: P Plouiz 

Publisher: Union Printing Co, Inc. 17 W Washington Street, Athens, 
- — Ohio 45701, USA 

First published: 1970 

Price: $14.00 (reductions available for orders of 10 or more) 
Type of exercise: board game. 

Courses for which exercise is suitable* chemistry and»gcncral science 

courses at lower and middle secondary level. 

Educational aims, to help the participants become familiar with the 

names and properties of the elements and their positions in the periodic 

table. 

Number of participants needed: 2 - 6. 

Tim e required. This varies according to the particular game being played, 
the number of participants and the age of the participants, but is normally 
about 30 minutes. 

Contents of package, board, 105 clement chips, instruction book. 
Special facilities required: none. 

Outline of exercise. Elements is in fact a family of 4 games and 
8 Variations, all using the same playing materials. The various games arc 
suitable for use at a variety of levels, and with students of a wide range of 
abilities. The basic principle underlying most of the games involves placing 
\ the element chips in their correct positions in the periodic table. Elements 
\ complements Compounds, produced by the same company. 

\ ELEMENTS IN THE EARTH 
\&utbor: N Reid 

Publisher. Scottish Council for Educational Technology, Dowanhill, 
Victoria Crescent Road, Glasgow 
Firsypublished: 1979 
Pric* N £5.25 

Type of exercise: manual case study. 

Courses for which exercise is suitable, chemistry courses at middle 
secondary level (designed specifically for Scottish O Grade). 
Educational aims to provide (a) a more detailed working knowledge of 
the periodic table, (b) an appreciation of the periodic table as a useful 
classifying tool, (c) an appreciation of patterns in the discovery of the 
elements and their sources. 

Number of participants needed: up to 20, in small groups. 
Time required: 1 double school period of roughly 114 - IV* hours. 
Contents of package: tape, OHP overlays, paperwork. 
Special facilities required: cassette player, OHP. 
Outline oj exercise. Pupils start by working in groups to collate data on 
the dates of discovery, the main sources and the percentage occurrence 
of the elements. They then relate this data to the periodic table, looking 
for patterns and trying to interpret these patterns. 
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ENERGY FOR THE FUTURE 
Ambon N Rcitl 

Publisher. Scottish Council for Educational Technology, Dowunhill, 
Victoria Crescent Road, Glasgow 
First published: 1977 
Price: 15.00 

Type of exercise, manual exercise programmed learning format. 
Courses for which exercise is suitable chemistry and general science 
courses at middle secondary level. 

Educational aims, to provide (a) an insight into the kind of problems 

facing a future socict) , (b) an appreciation of the interplay of resources, 

technology and economic viability. 

Number of participants needed: 1 - 20. 

Tim required; 1 school period of roughly 40 minutes. 

Contents of package: booklet. 

Special facilitiesjequired: none. - 

Outline of exercise. An exercise, set in programmed learning format, 
whuh considers the problem in the year 2000, when gas is running out. 
Is there a chemical contribution to the answer to the problem? 

ENERGY - PAST, PRESENT AND FUTURE (CHEMISTRY IN ACTION - 3) 
Author. N Reid 

Publisher, Heinemann Educational Hooks, London 
First published: 1980 

Pme. part of a textbook Chemistry About Us by A II Johnstone, 

T I Morrison and N Reid. 

Type of exercise: manual case study. 

Courses for which exercise is suitable, chemistry courses at middle 
secondary level (specifically designed for Scottish O Grade). 
Mutational aims, to make the participants aware of past and present 
primary sources of energy in Britain, of the increasing demand for energy, 
and of possible future trends, to cultivate interpretative and decision 
making skills. 

Number of participants required, groups of 3 or 4. 
Time required: roughly 30 minutes. 

Contents of package* part of textbook (one textbook required for each 
participant). 

Special facilities required: none. 

Outline of exercise. Pupils are given data about the energy use pattern in 
the UK for the past two decades. Working in groups, they first learn how 
to interpret cumulative graphs, and then attempt to extend the graph 
30 years into the future. It is essentially a simple long-range forecasting 
exercise. ^ 



EOCUS ON LEAD 
Author: N Reid 

Publisher. Scottish Council for Educational Technology, Dowanhill, 
Victoria Crescent Road, Glasgow 
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First published: 1977 
Price: £4.50 

Type of exercise: manual case study. 

Courses for which exercise is suitable: chemistry courses at middle 
secondary level (designed specifically for Scottish O. Grade). 
Educational aims, to develop (a) a knowledge of the main facts about the 
extraction, purification, and uses for lead, (b) an awareness of the social 
contribution of lead and environmental costs, (c) an appreciation that 
removal of lead from the environment is expensive. 
Number of participants needed; any number up to 20. 
Time required: 1 double school period of roughly IV* - hours. 
Contents of package: tape and booklets. 
Special facilities required: cassette player. 

Outline of exercise. A tape guides pupils through a short booklet which 
discusses the chemical and social importance of lead. The tape asks 
questions which the group have to discuss. The exercise concludes with 
short essays. 

FORM|fLON / 
Publisher. Chemistry Teaching Aids, Lctham, Ladybank, Fife KY7 7RN 
First published: 1973 
Fice: £1.95 

Type of exercise: card game. 

Courses for which exercise is suitable, courses in basic inorganic chemistry 
at lower or middle secondary level. 

Educational aims, to reinforce and consolidate basic ideas regarding the 
different types of atoms and ions and the ways in which they combine to 
form ionic and c6valent chemical compounds. 

Number of participants needed Each pack can be used with a" group of 
up to 8 players and, by using more than 1 pack, the exercise can be used 
with a class of any size. 

Time required. Each round of the game takes roughly 5-10 minutes, and 

any number of rounds may be played in a given session. 

Contends of package, pack of 100 cards, instruction leaflet (for use by 

teacher or students). 

Special facil ities req u ired: n 6ne. 

Outline of exercise. The Formulon pack consists of 100 cards, each 
representing a particular type of atom or ion, a multiplier (2 or 3) or a 
joker. The players are dealt hands of 10 cards and, playing in rummy 
fashion, have to try to get rid of their cards by forming valid chemical 
compounds. The winner of each round is the first player to get rid of all 
his cards, the other players collecting penalty points according to the 
number and type of cards they have left. The overall winner is the player 
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with the smallest number of penalty points after a number of rounds have 
been completed. 

* 

FROM VISIBLE TO INVISIBLE (CHEMISTRY IN ACTION - 6) 
Author: N Reid 

Publisher: Heinemann Educational Books, London 

First published: 1980 i 

Price: part of a textbook Chemistry About Us by A h'Johnstone, 

T I Morrison and N Reid. ^ 

Type of exercise: manual case study. 

Courses for which exercise is suitable, chemistry courses at middle 
secondary.level (specifically designed for Scottish 0 Grade). 
Educational aims, to help the participants appreciate how currently 
accepted ideas developed; to help develop problem-solving, 
communication and decision-making skills. 
Number of participants needed: groups of 3 or 4. t 
Time, required: roughly 40 minutes. ' 

Contents of package part of textbook (one textbook required per person). 
Special facilities required: none. 

Outline of exercise. Pupils are led in a simple way through the problems 
that faced Gay-Lussac as he studied gas reactions. Working as a group, 
they have to identify his fundamental problem and then, imagining that 
^hey could go back in time and talk to him, try to explain'whcre his 
ideas were incorrect. * 

GAS CHROMATOGRAPHY 
AuthJn D Want 

Publisher. Schools Council, distributed by Edward Arnold (Publishers) 
Ltd, London * 
First published: 1978 

Pnce. part of a pack Computers in the Chemistry Curriculum, edited by 
I K Shaw and D Want, price £15.00 . 
Type of exercise: Computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable, chemistry courses at upper 
secondary and lower tertiary levels. 

Educational aims: to allow sty dents to 'experiment 1 with gas 
chromatography in a way which would preclude the use of sensitive 
and expensive equipment. H i7, 
Number of participants neeMedl "the. exercise can be used either 
individually or with small groups. 

Contents of package* teachers notes, students* notes, computer program. 
Special facilities required, interactive computer terminal or microcomputer. 
Outline of exercise. This exercise involves simulations of the separation of 
some organic compounds to show the application of gas chromatography 
to qualitative and quantitative analysis. 
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HABER (UNIT ON AMMONIA SYNTHESIS) 
Authors: R Edcns & K Shaw 

Publisher: Edward Arnold (Publishers) Ltd, London (Chelsea Science 
Singulation Project). 
First published: 1978 
Price: £7.25 

Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses for which exerctse is suitable, chemistry courses at middle and 
upper secondary" level. 

Educational aims, to enable students to discover how various conditions 
(temperature, pressure, catalyst and reactant concentration ratios) influence 
the course of the Haber process reaction; to develop good practice in the 
design of investigations. 

Number of participants needed: The exercise can be used either 

individually or with small groups. 

Time "required: 'I V£ - 2 hours. \ 

Contents of package, teacher's guide, students' notes, computer program. 

Special facilities required, computer terminal or microcomputer. 

Outline of exerctse. The simulation is divided into two parts. In the first 

part, students investigate the effect of varying temperature and pressure 

and the molar ratio of hydrogen to nitrogen on the percentage yield of 

ammonia. In the second investigation, students look at the effect of 

varying temperature, pressure and catalyst on the rates of both the 

forward and reverse reactions, ie on the rate of attaining equilibrium. 

HOMOGENEOUS EQUILIBRIUM 
Authors: K Shaw & R Edens 

Publisher. Schools Council, distributed by Edward Arnold (Publishers) 

Ltd, London. 

First published: 1978 

Price, part of a pack Computers in the Chemistry Curriculum edited by 
K Shaw and D Want, price £15.00 
Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable, chemistry courses at upper 
secondary and lower tertiary levels. 

Educational aims, to establish the concept of dynamic equilibrium, to 
develop an understanding of the relationship between the 
stoichiometric equation for a reaction and the expression for the 
equilibrium constant, to help students gain experience in the design 
of experiments. 

Number of participants needed. The exercise can be used either 
individually or with small groups. 

Contents of package teacher's notes, students* leaflets, computer program. 
Special facilities required interactive computer terminal or microcomputer. 
Outltne of exerctse. The exercise involves an investigation of acid-alcohol 
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equilibrium and some gas-phas* 1 equilibria leading to the equilibrium law in 
terms of concentration. 

IONICS 

Publisher Science Systems Ltd, 173 Southampton Way, London SE5 7EJ 
First published: 1972 
Price: £0.75 

Type of exercise- card game. 

Courses for which exercise is suitable chemistry courses at lower to 
middle secondary level. ~" 

Educational aims to make the participants aware of the ways in which 

compounds can Be formed using ionic bonding. 

Number of participants needed: 2-5. 

Time required: 1 school period of roughly 40 minutes. 

Contents of package: leaflet, set of 52 cards. 

Special facilities required: none. 

Outline of exercise A series of three rummy-type card games in which the 
participants make up ionic compounds. Variations such as naming the 
compounds made and the facility of neutralization and double 
decomposition can be introduced at the higher levels. 

ISOTOPES 
Author N Reid 

Publisher Scottish Council for Educational Technology , Dowanhili, 
-Victoria Crescent Road, Glasgow 
First published: 1977 
Price: £7.00 

Type of exercise- manual case study. 

Courses for which exercise is suitable, chemistry^courses at middle 

secondary level (designed specifically for Scottish O Grade). 

Educational aims to develop (a) communication skills within a peer 

group, (b) a willingness to argue on the basis of provided evidence, and 

to provide (a) an historic perspective on the nuclear industry, (b) the 

beginnings of an awareness of the complexities of nuclear decision making. 

Number of participants needed: up to 24, in 4 groups. 

Time required: 1 school double period of roughly VA - VA hours. 

Contents of package: tapes, slides, paperwork. 

Special facilities required, cassette player, slide projector. 

Outline of exercise Pupils are introduced to the topic of radioisotopes 

through a short tape/slide sequence. They then work in groups of 6 to 

examine the issues surrounding the production and uses of 

radioisotopes today. j 

ISOTOPES IN OUR LIVES 
Author: N Reid 

Publisher Scottish Council for Educational Technology, Dowanhili, 
Vrctoria Crescent Road, Glasgow 
"irst published: 1977 
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Price; £1.50 

Type of 'xercise: manual case study. 

Courses for which exercise is suitable, chemistry courses at upper 
secondary level (designed specifically for Scottish O Grade). 
Educational aims to provide an understanding of the basic facts about 
current nuclear technology; to develop (a) communication skills within 
a peer group (b) an awareriess of the complexities of decision taking 
within the ntjclear industry. 

Number of participants needed: up to 24, in 4 groups. 

Time required 1 school doublirpcriOcl of roughly l l A - V/i hours. 

Contents of package: paperwork. 

Special facilities required: none. 

Outline -of exercise. Pupils work in groups of 6 to examine the issues 
surrounding the production and uses of radioisotopes. 

LATTICE ENERGY 
Authors: R Edens & K Shaw 

Publisher Schools.Council, distributed by Edward Arnold (Publishers) 

Ltd, London 

First published: 1978 

Price part of a pack Computers in the Chemistry Curriculum edited by 
K Shaw and D Want, price £15.00 
Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable, chemistry courses at upper 
secondary and lower tertiary levels. 

Educational aims to develop an understanding of (a) the concept of 
lattice energy and the factors which affect it; and (b) the use and 
limitations of the Born-Mayer equation as a mathematical model. 
Number of participants needed: The exercise can be used either 
individually or with small groups. 

Contents of package teacher's notes, students' leaflets, computer program. 
Special facilities required interactive computer terminal or microcomputer. 
Outline of exercise Ionic crystal structures are examined with regard to 
the charge on the ions, their size and their co-ordination. The limitations 
of the simple model in some cases are also investigated. 

UNK-UP 

Authors: R D Stamp & W Harrison 

Publisher Longman Group Ltd, Resoui ^es Unit, 9/1 1 The Shambles, 
York 

First published: 1975 
Price: £0.55 

Type of exercise: manual exercise. 

Courses for which exemse ts suitable chemistry courses at middle to 
upper secondary level. 

Educational ui**?s to help the participants understand how atoms bond 
together to form compounds by getting them to (a) build up selected 
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electronic structures, (b) build compounds from selected atoms, and 
(c) demonstrate the bonding arrangement of electrons tn selected 
compounds. 

Number of participants needed 4 players working in pairs. 
Time required 3 school periods of roughly 35 -40 minutes each. 
Contents of package A4 booklet whose outer sheets (of thin card) are 
used to prepare the playing materials. The inner sheets (of paper) 
constitute a 12-page background reader/instructional booklet for the 
pupils. 

Special facilities required scissors to prepare playing materials, 
2 matchsticks for mounting spinners, waste discs from a file-punch 
(preferably in two colours) to represent electrons. 
Outline of exercise There are 3 stages in this exercise. In the first, the 
pupils have to collect 3 nuclear charges (of different values) and the 
appropriate numbers of electrons to build up 3 different atomic structures, 
b> using the 2 spinners and acting on the instructions indicated. In the 
second, the pupils, now working in pairs, use the atomic structures they 
obtained in stage I, to prepare a list of as many known compounds 
(based on their atoms) as they can. In the final stage, again working in 
pairs, the pupils have to demonstrate the type of bonding in 3 of the 
compounds from their list produced in stage 2. 

MAGNESIUM FROM THE SKA 
Author. N Reul 

Publisher Scottish Council for Kdiicatioiial Teehnolog) , Dowanhill, 
Victoria Crescent Road, Glasgow 
hirst published 1979 
Price £4.50 

Type of exen i\e manual case study. 

Courses for which exercise is suitable chemistry courses at middle 
secondary level (designed spccitically for Scottish O Grade). 
I dinational aims, to provide (a) general knowledge of the extraction 
process to obtain magnesium from the sea, (b) experience of data- 
handling group discussion and decision making, (c) an awareness of the 
complexities of industrial processes. 
Number of participants needed up to 20, in small groups. 
Tune required, t school double period of roughly VA - 1 Vi hours. 
Contents of package tape, booklets, paperwork. 
Special facilities required cassette player. 

Outline of exercise Pupils are introduced to the possibility of extracting 
magnesium from the sea in the first few pages of the booklet, the tape 
acting as a guide. Thc> then work in groups to take a series of decisions 
in planning a possible extraction process to obtain magnesium oxide. The 
second section of the booklet completes the exercise bv providing more 
information on current technology. 
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METALS AT WORK (CHEMISTRY IN ACTION - 4) 
Author: N Rcid 

Publisher: Heincmann Educational Books, London 
First published: 1980 

Price: part of a textbook Chemistry About Us by A H Johnstone, 

T I Morrison and N Rcid 

Type of exercise: manual case study. 

Courses for which exercise ts suitable chemistry courses at middle 
secondary level (specifically designed for Scottish O Grade). 
Educational aims, to help the participants appreciate the range of 
properties associated with metals and relate properties to usage, to help 
develop interpretative and communication skills. 
Number of participants required: groups of 3 or 4. 
Time required, roughly 40 minutes. 

Contents of package part of textbook (1 textbook required for each 
participant). 

Special facilities required: none. 

Outline of exercise Given data on a range of metals, pupils have to decide 
the behaviour characteristics that are required for various uses, and then 
compile a short-list of suitable metals. 

MOLE BINGO 

Author: A Armstrong 

Publisher. Sigma Technical Press, 23 Dippons Mill Close, Tettenhall, 
Wolverhampton WV6 8HH 
First published: 1972 
Price: £1.25 

Type of exercise- set of manual games. 

Courses for which exercise is suitable chemistry and general science 
courses at lower and middle secondary level. 

Educational aims to give practice in answering questions relating to 
calculations on molar quantities. 
Number of participants needed: 2-5. 
Time required: roughly 30 minutes. 

Contents of package teacher's guide and resource material, sets of 
problem cards. 

Special facilities required: OHP (optional). 

Outline of exercise. Mole Bingo is a set of 4 games graded in order of 
increasing difficulty. All 4 games are based on conventional Bingo, the 
participants having to answer questions on simple molar calculations 
in order to cross off the numbers on their matrices, the winner being 
the first to complete a line. 

MOLE POKER 
Author A Armstrong 

Publisher. Sigma Technical Press, 23 Dippons Mill Close, Tettenhall, 
Wolverhampton WV6 8IIH 
iji**' published: 1978 1 r 
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Price: £1.25 

Type of exercise, set of card games. 

Courses for which ex erase ts suitable, chemistry and general science 
courses at middle secondary level. 

Educational aims, to give practice in calculations relating to molar 
quantities and chemical formulae. 
Number of participants needed: 1-4. 

Time required: roughly 30 minutes. * 
Contents of package teacher's guide and resource material, cardboard 
cut-outs for preparing poker-type dice. 

Special facilities required: none. . 
Outline of exercise Mole Poker is similar to Mole Bingo, but is slightly 
more advanced. It consists of a series of games, played with special dice, 
in which the participants have to be able to answer questions relating to 
molar quantities and chemical formulae in order to play effectively. 

PARTICLE IN A POTENTIAL WELL 

Inquiries R Lewis, Educational Computing Section, Chelsea College, 

Pulton Place, London SW6 5 PR 

First published: 1977 

Type of exercise: computer simulation. 

Computer language* BASIC or FORTRAN. 

Course* for wbub exerase is suitable chemistry and physics courses at 
tertiary level. 

Edtuattonal amis to give students a non-mathematical method for good 
conceptual understanding of the Schrodinger equation. 
Number of participants needed The exercise can be used cither 
individually or with small groups. 
Time required. 1 hour. 

Contents of package teacher's guide, students' notes, computer program. 
Special facilities required, graphics terminal. 

Outline of exercise The student specifies the particle mass, well width 
and depth. The energy levels are displayed for the particle in the chosen 
square well and also in a square well of infinite depth. 

POINT FIELDS 

Authors: H I Ellington, A G Garrow & J R Muckersie 

Publisher The Institution of Electrical Engineers, Savoy Place, 

London WC2R0BL 

First published. 1980 

Price £9.00 (inc p & p) 

Type of ex erase manual simulation game. 

Courses for which exercise is suitable chemistry, science in society and 
general studies courses at upper secondary and lower tertiary levels. 
Educational aims to make the participants aware of the complexity and 
importance to society of a large petrochemical plant and of the social role 
and procedure of a public inquiry, to cultivate communication and 
debating skills. 
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Number of participants needed. The exercise is designed for use with a 
class of up to 32 pupils or students, but can be used with smaller 
numbers (min 12), 

Time required. IVi - 3 hours, depending on the numbers involved and on 
the level and ability of the participants. 

Contents of package teacher's guide, role sheets and resource material 
for participants. 

Special facilities required overhead projector, blank OHP transparencies 
and felt pens. 

Outline of exercise Point Fields is a role-play ing simulation exercise. 
It is based on the hypothesis that United Petrochemicals Ltd (a subsidiary 
of an imaginary major oil company) plan to build a large petrochemical 
plant at Point Fields, a coastal site somewhere in the east of Scotland, 
and that a public inquiry u.«.o the proposed scheme has been called. 
The exercise takes the form of this public inquiry. The participants 
are allocated roles supporting or objecting to the planned development, 
the various arguments being assessed by an independent Reporter 4 who 
then decides whether or not the scheme should go ahead. 

POLAR OR IONIC? (CHEMISTRY IN ACTION - 5) 
Author: N Reid 

Publisher: Heine ma nn Educational Books, London 

Firs t published: 1980 ' # 

Price- part of a textbook Chemistry About Us by A H Johnstone, 

T 1 Morrison and N Reid. 

Type of exercise, manual case study. 

Courses for which exercise ts suitable, chemistry courses at middle 
secondary level (specifically designed for Scottish O Grade), 
Educational aims to help the participants develop a critical approach to 
answering questions, to help them appreciate the role of experiments in 
scientific methodology and what constitutes a good experiment, 
Sumter of participants required, either small groups or a class of pupils 
working with the teacher. 
Time required: roughly 50 minutes. 

Contents of package, part of textbook (1 textbook required for each 
participant). 

Special facilities required: none. 

Outline of exercise The package looks at the bonding in aluminium 
chloride, using a conversational presentation. The main purpose is to 
allow pupils to appreciate the place of experimentation in science, and 
pupils have to take a series of decisions to this end, 

POLYWATER 

Authors: F Percival & AH Johnstone 

Publisher, Education Division, The Chemical Society, Burlington House, 
Piccadilly, London Wl V OBN 
First published: 1978 
ft" £2,50 
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Type of exercise, manual case study. 

Courses for which extras* is suitable chemistry courses at upper tertiary 
level. 

Educational aims to develop library and communication skills by 
studying an actual example of chemical research; to help develop a 
healthy scepticism towards the written word. 
Number of participants needed: groups of 6 - 8 people. 
Time required: 3 hours (minimum) 

Contents of package teacher's guide, resource material for participants 
(A4 booklets) 

Special facilities required access to chemistry library of university 
standard. 

Outline of exercise Poly water is the case history of the polywater 
phenomenon, and takes the form of a structured library study/discussion 
exercise. The participants look up, study and precis papers from the early, 
middle and late phases of work on the phenomenon, discussing their 
findings with their colleagues at each stage of the work, 

PROPERTIES AND SUBSTANCES 
Author A Armstrong 

Publisher Chemical Teaching Aids, Letham, Ladybank, Fife, Scotland 
KY7 7RN 

First published: 1974 
Price: £1.50 

Type of exercise: card game. 

Courses for which exercise is suitable, chemistry and general science 
courses at middle secondary level. 

Educational aims to make the participants aware of the basic properties 

of a range of elements and compounds. 

Number of participants needed: 2 - 8 players. 

Time required: 1 school period of roughly 40 minutes. 

Contents of package: leaflet, set of cards. 

Special facilities required chemical data book for use as reference. 
Outline of exercise Properties and Substances is a card game which a a 
cross between rummy and pairs. Substance cards are dealt to each player 
and property cards are placed face up in the centre of the table. The 
players, in turn, have to get rid of their cards by matching them up 
correctly with the property cards. Error cards can be used to challenge 
incorrect pairing. The game ends when one player has played all the cards 
in his hand. A points system is used, and the winner is the player with 
the most points at the end of the game. 

PROTEINS AS HUMAN FOOD 
Authors:? Percival & A H Johnstone 

Publisher Education Division, The Chemical Society, Burlington House, 
Piccadilly, London Wl V OBN 
First published: 1977 
"rice: £3.00 
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Type if exercise manual case study/communication exercise. 
Courses for which exercise is suitable, chemistry, biology and health 
education courses at upper secondary and lower tertiary levels. 
Educational aims, to make the participants aware of the nutritional role 
of proteins and the world protein shortage, to help develop interpersonal, 
communication, interpretative and decision-making skills/ 
Number of participants needed: groups of 6 people. 
Time required: hours (mini muni). 

Contents of package teacher's guide, resource materials for 6 members of . 

group (A4 booklets). 

Special facilities required: none. 

Outline of exercise. Proteins as Human Food is a structured 
communication exercise based on the nutritional role of proteins and the 
world protein shortage. The participants work in groups of 6, each group 
comprising a group leader plus 5 members, each of whom is given part of 
the information needed to hold a meaningful discussion of the protein 
problem. The object of the exercise is to pool this information, discuss 
the problem and formulate a possible solution. 

PUBLIC INQUIRY PROJECT 

Authors: H I Ellington, A G G arrow & J R Muckersie 

Publisher The Association for Science Education, College Lane, Hatfield, 

Herts ALIO 9AA 

First published: 1980 

Type of exercise: manual simulation game. 

Co*t>cz for which exercise is suitable The exercise was specially developed 
for use in the ASE's Science in Society AO level course, and is suitable for 
use in science in society and general studies courses at upper secondary 
and tertiary levels. 

Educational aims to make the participants aware of the complexity and 
importance to society of a large petrochemical plant and of the social 
role and procedure of a public inquiry, to cultivate communication and 
debating skills. 

S'umber of participants needed. The exercise is designed for use with a 
class of up to 20 pupils or students but can be used with smaller 
numbers (min 10). 

Time required. 1 school double p^iod of roughly IV* - VA hours. 
Contents of package, teacher's guide, student booklets, role cards, maps. 
Special facihttes required, overhead projector, blank OHP transparencies 
and felt pens. 

Outline of exercise. The Public Inquiry Project is a simplified, shortened 
version of Point Fields (see page 166). Like the latter, it is based on the 
hypothesis that a subsidiary of an (imaginary) major oil company plans to 
build a large petrochemical plant at Point Fields, a coastal site somewhere 
in the east of Scotland, and that a public inquiry into the proposed scheme 
has been called. The exercise simulates this public inquiry. The participants 
are allocated roles supporting or objecting to the planned development, 
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the various arguments being assessed by an independent 'reporter* who 
then decides whether or not the scheme should go ahead. 

RANDOM 

Inquiries. R Lewis, Educational Computer Section, Chelsea College, 

Pulton Place, London SW6 5RP 

First published: 1977 

Type of exercise: computer simulation. 

Computer language. BASIC or FORTRAN, 

Courses for wbub exercise is suitable, chemistry courses^at tertiary level. 
Educational aims, to enable students to investigate large numbers of 
energy exchanges to achieve a good approximation to the Boltzmann 
Distribution. 

Number of participants needed. The exercise can be used either 
individually or with small groups. 
Time required: 1 hour. 

Contents of package teacher's guide, students' note* computer program. 
Special facilities required graphics terminal or alphanumeric terminal. 
Outline of exert tie This package extends a laboratory exercise in which 
students simulate energy transfer between molecules using dice and 
counters. In the program the student can specify the size of the array, 
the number of energy quanta, their distribution, and the type of collision 
process. It can be used to simulate the change in molecular energy 
distribution following the mixing of gases with different temperatures. 

RATES OF REACTION 
Authors: K Shaw & R Edens 

Publisher Schools Council, distributed by Edward Arnold (Publishers) 

Ltd, London 

First published: 1978 

Price, part of pack Computers in the Chemistry Curriculum, edited by 
K Shaw and D ^ant, price £15.00 
Type of exercise computer simulation. 
Computer language: BASIC, 

Courses for which exercise is it able chemistry courses from middle 
secondary to lower tertiary level. 

Educational aim. to enable students to investigate in detail the factors 
influencing the rates at which chemical reactions/occur. 
Number of participants needed- The exercise can be used either 
individually or with small groups. 

Contents of package teachers notes, students' leaflets, computer program. 
Special facilities required, interactive computer terminal or microcomputer. 
Outline of exercise Students study the effect of reaction conditions, 
including the panicle size of the catalyst, on the rate of decomposition 
of hydrogen peroxide. 
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REACTION i CHEMISTRY'S ALPHABET 
Authors: R D Scamp & W Harrison 

Publisher. Longman Group Ltd, Resources Unit, 9/11 The Shambles, 
York 

First published: 1975 
Price- £0.55 

Type of exercise: board game. \ 
Courses fur which ex erase is statable chemistry Courses at middle to 
upper secondary level. 

Educational aims, to give the participants a basic knowledge of the 
properties, uses, and reactions of 8 common elements and some of their 
compounds! 

Number of participants needed: 2 - 8 players. 
Time required: 1 school period of roughly 35 - 40 minutes. 
Contents of package. A4 booklet whose outer sheets (of thin card) are 
used to prepare the board and other playing materials. The inner sheets 
(of paper) constitute an 8-page background reader/instructional booklet 
for the pupils. 

Special facilities required, scissors to prepare playing materials, matchstick 
to mount spinner. 

Outline uj exentse. The board is in 3 sections, element circuit, compound 
circuit and reagent pool. Players take turns to take an clement token 
around the element circuit, obey ing the instructions on the squares on 
which they land. On completion of this circuit, they enter the reagent 
pool and their clement token 'reacts 1 and forms a 'compound* which is 
then taken round the compound circuit in similar fashion. Part-way 
round this circuit, the player's token again enters the reagent pool, ana 
reacts to form a new compound. This new compound token then 
completes the compound circuit. Information leaflets arc available to 
players throughout the game to help them decide whether or not an 
instruction on a given square is relevant to their clement or compound. 
The winner is the player who completes all 3 circuits first. 

RKINET (UNIT ON CHEMICAL REACTION KINETICS) 
Author: AWB Aylmer-Kelly 

Publisher. Edward Arnold (Publishers) Ltd, London (Chelsea Science 
Simulation Project) 
First published: 1975 
Price: £7.25 

Type of exercise: computer simulation. 
Computer language. BASIC. 

Courses for which exercise is suitable chemistry courses at upper 
secondary and lower tertiary levels. 

Educational aims to extend students' laboratory experience by enabling 
them to carry out a wider range of investigations without taking an 
excessive amount of time, to assist students' understanding of the 
relationship between a mathematical model and reality. 
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Sumber u) partu ipants needed .The exercise can be used either 
individually or with small groups. 
Time required. 1 • 2 hours. 

Contents of paikage teacher's guide, students* notes, computer program. 
Special fit ill ties required computer terminal or minicomputer. 
Ontlittt of e\er K tse This exercise simulates a number of experiments 
which arc difficult to perform or require special conditions ar.d looks at 
them from the point of vieu of reaction kinetics. In each reaction students 
investigate the effects of changes in temperature and consent ration. The 
simulation also prowdes experience in selecting investigations which 
produce meaningful results. 



SOLUBILITY AND StCChSSMlL SEPARATIONS (CHEMISTRY IN ACIION - 9) 

.'.utluir, N Rcui. 

Publisher llcuiemann Educational Books, London 
hmt published. 1980 

Pme part of a textbook Chemistry A bout L's by A II Johnstone, 

T I Morrison and N Reid. 

I ype of e\erei\e manual case study. 

Cannes for z~bt K h e\entse is suitable chenustrv courses at middle 
sccomJarv level (speciticallv designed for Scottish O Grade). 
/ din at tonal .mm to nuke the part cipants avvjrcthat * solubility 1 and 
'insolubihtN ' are mcrclv relative terms and help them appreciate the 
application ot sulubihtv ideas in solving real life problems, to help 
cultivate inter personal, communication and data handling skills. 
\umber q participants needed groups of 3 or 4. 
lime required roughly 40 minutes. 

Contents of paKkage part of textbook (! textbook requued per 
participant). 

Special fai it it tes required none. 

Outline of exercise Pupils are given practice in using solubility data, 
rhev are then set a series ot real lite problems, vvhuh they attempt to 
solve on the basis of the information supplied. These problems range 
from industrial pollution to a case of poisoning. 

TAKE YOUR CHOICE 
Author \ Rcui 

Publisher Scottish C»»onci! tor !' d*.!cati*jna! Technology, Dow an hi!!, 

Victoria Crescent Road, (ilasgovv 

hirst published 1977 

/W £2.00 1 

I ype of e\ereise manual case study. 

Courses for xvbt K h exertise is \uttable chenustrv courses at middle 
secondarv level (designed specifically for Scottish O CJradc). 
I. durational to develop (a) an awareness of relationships between 
property use, and personal judgement in relation to fibres, (b) an 
awareness that decision nuking is frequent I > made on the basis of 
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compromise , (c) experience in data handling and communication within 
a peer group. 

Number of participants needed: up to 20 in small groups. 

Time required* 1 school double period of roughly 1 X A • 1 x /i hours. 

Contents of package: paperwork. 

Special facilities required: none. ^ / 

Outline of exercise Participants arc given data on 8 unnamed fibres and, 
working as a group, arc asked to choose the best fibres for various tasks. 
In the second part, an attempt is nude to relate property to structure, 
using water absorption as an illustration. y 

THE ALKALI INDUSTRY 

Authors* K C Campbell, M J R as ton &AH Johnstone 

Publisher The Universitv of Glasgow (information available from the 

authors at the Dcpt of Chemistry, University of Glasgow) 

hirst published: 1976 

Type of exercise: computer simulation. 

Computer language Extended BASIC or FORTRAN IV. 

Courses for which exercise is suitable- chemistry courses at upper 

secondary and lower tertiary levels. 

LJuaitional awn to enable students (a) to make industrial decisions on 
incomplete information, (b) to work to a budget, (c) to apply chemical 
knowledge m other disciplines, (d) to make intelligent compromises. 
Number of participants needed- groups of 4 - 6 students. 
Time required, around 3 hours. 

Contents uf package, tea cher's guide, students* notes, computer program. 
Special facilities requtred interactive computer terminal. 
Outline of exercise The exercise is based upon the development of a 
h\ pothctical find of extensive salt deposits in southern Scotland. Students 
make decisions on what products to manufacture, where the plant should 
be sited, what si/c the plant should be, and how long the plant will take 
to pat for itself. Students also investigate the environmental implications 
of their decisions. 

THE AMSYN PROBLEM 
Authors P Pcrcival & N Rcid 

Publish*, r Scottish Council for Educational Technology, DovvanlnlL 
Victoria Crescent Road, Glasgow 
hirst published" 1976 
Price £8.50 

Type of exercise simulated case stud) involving role play. 
Courses for which exercise ts suitable chemistry courses at upper 
secondary anij^lowcr tertiary levels. 

Educational aims to develop (a) communications skills in group 
discussion, logical argument and presentation of a viewpoint, (b) an 
appreciation of the chemical and social implications relating to an 
apparent!) simple process, (c) an appreciation of the relationships between 
^-"\\ structures and chemical technology. 
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Number of participants needed: 9-21. 

Time required: 2 - VA hours. 

Contents of package: tape, slides, booklets. 

Spec\al facilities required: cassette player, slide projector. 

Outline of exercise. Participants are introduced xb the pr.oblcm of the 

Ams>n Compart) through a short tape/slide presentation. Thqy then adopt 

roles in a simulation, as they try to solve the problem of the company, 

which is faced with closure because of the introduction of new, more 

stringent pollution conditions. In the end, the) find that there is no easy 

solution to the problem. 

THE ENERGY PROBLEM 
Author: N Reid 

Publisher Scottish Council for Educational Technology, Dowanhill, 
Victoria Crescent Road, Glasgow , 
First published: 1977 (revised 1978, 1980) 
Price* £8.00 

Type of ex ercise: sim u la tio n ga me: 

Courses for whu h exenise is suitable chemistry , general science, science 
in society courses at middle and upper secondary level. ' * 
Ldiuatwnal amis to provide (a) knowledge of the energ) prospects for 
Britain, (b) awareness of the scale of investment requtreli to develop 
energy sources, and to encourage a willingness to make choices, and 
relate the results to future choices. 

Number of participants needed, up to 20 players in 4 groups. 
7*i/Mt* required 1 school double period of roughly VA - VA hours. 
Contents of package, tape, slides, paperwork, 

Special facilities required, cassette plaver, slide projector. A computerized 
version is also available. A PUT cassette is available from the Computing 
Department, Jordanhill College of Education, South brae Drive, Glasgow. 
Outline of exercise Pup.ls compete in groups to plan for the development 
of primary energ^for Britain for the next half-century. Scores are 
awarded according to success. 

THE FERTILIZER PROI^LEM 
Author: N Reid 

Publisher Scottish 0* |, n«;!! for Educational lechnolpgy. D«*wanh|ll, 
Victoria Crescent Road, Glasgow 
hirst published: 1977 
Price: £1.50 

Type of exercise, manual case study. 

Cburses for which exercise is suitable, chemistry courses at middle 
secondary level (designed specifically for Scottish O Grade). \ 
Educational amis to develop (a) knowledge of the nature of fertilizers in 
chemical terms, (b) an awareness of some of the factors influencing choice 
of fertilizers, (c) an awareness of the contribution of chemistry tp food 
production, (d) experience of data handling and communication within 
" peer group. 
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Number of participants needed: up to 20 in groups of 3 or 4. 
Time required. 1 school double period of roughly XV* - VA hours. 
Contents of package: paperwork. 
Special facilities: none. 

Outline of exercise. Pupils are given data on a range of compounds that 
might be useful in making a compound fertilizer.°They work in groups to 
assess the evidence, and choose the most likely compounds. 

THE MANUFACTURE OF SULPHURIC ACID 
Authors: R Edens & D Want 

Publisher. Schools Cou.uil, distributed by Edward Arnold (Publishers) 

Ltd, London 

First published: 1978 . 

Prue. part of pack Computers in the Chemistry Curriculum edited by 
K Shaw and D Want, price £15.00 
Type of exercise: computer simulation. 
Computer language: BASIC. 

Courses for wbuh exercise is suitable, chemistry courses from middle 
secondary to-lower tertiary level. 

Educational amis to present information about a process in such a way 
that the principles underlying the choice,of conditions can be worked out 
with a consequent improvement in retention and understanding, to show 
what is meant by * chemical principles 1 and how compromise with these 
is almost inevitable. 

Number of participants needed: groups of 3 or 4. 

Contents of package, teacher's hotes, students' leaflets, computer program. 
Special facilities required interactive computer terminal or microcomputer. 
Outline of exenise. Students investigate the conflicting demands of best 
equilibrium >ield, high daily production and profitable manufacture in 
a sulphuric acid plant. 

THE PROTEIN PROBLEM 

Author. N Reid (based on an original idea from F Percival) 
Publisher. Scottish Council for Educational Technology, Dowanhill, 
Victoria Crescent Drive, Glasgow 
First published* 1977 
Price £2.25 

Type of exercise manual case study. 

Courses for wbuh exercise is suitable chemistry courses at middle and 
upper secondary level. 

hdtuational aims to provide (a) knowledge of the basic facts of protein 
chemistry and the importance of protein in living systems, (b) awareness 
of the nature of the world protein shortage, and what might be done 
about it, also, to encourage communication skills and a willingness to 
argue and discuss issues relating to large-scale problems. 
Number of participants needed: up to 24 in groups of 6. 
Time required- 1 school double period of roughly 1 *« - 1 '4 hours. 
tents of package: sheets of paper. 
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Special facilities required: none. 

Outline of exentse After an introduction to the topic of proteins, pupils 
arc divided into groups of 6, arid 6 different sheets are issued. 5 of the 
sheets provide information on 1 aspect of the world problem, the 6th 
being a chairman's guide, which contains a series of questions. A highly 
structured discussion follows. 

THE PVC STORY (CHEMISTRY IN ACTION - 2) 
Author: N Reid 

Publisher: Heinemann Educational Books, '.on don 
' First published: 1980 

Price part of a textbook Chemistry About Vs by A H Johnstone, 

T 1 Morrison and N Reid. 

Type of exercise: manual case study. 

Courses for which exercise is suitable, chemistry courses at middle 
secondary level (specifically designed for Scottish O Grade), 
Educational aims to make the participants aware of the modern rapid 
growth of plastic production in Britain and appreciate that this growth 
will probably not continue indefinitely, to cultivate inter-personal, 
communication and decision-making skills. 
Number of participants needed: groups'of 3 or 4. 
Time required, roughly 40 minutes. 

Contents of package .part of textbook (one textbook required for each 
participant). 

Special facilities required: none. 

Outline of exercise Pupils are introduced to the growing use of PVC, and 
to 3 possible routes to the monomer. They have to select the best route 
and look at various other aspects of production. 

THE SULPHURIC ACID STORY 
Author. N Reid 

Publisher: Scottish Council for Educational Technology, Dowanhill, 
Victoria Crescent Road, Glasgow 
First published: 1977 
Price: £6.00 

Type of exercise manual case study. 

Courses for which exertise is suitable, chemistry courses at middle- 
secondary level (designed specifically for Scottish 0 Grade). 
Educational aims to provide (a) a basic understanding of the salient 
aspects of sulphuric acid production, (b) an awareness of the changing 
pattern of industrial production as external conditions change, to 
encourage a willingness to make decisions on the basis of supplied data, 
to develop communication skills within a peer group. 
Number of participants needed: 9 - 21, in groups. 
Time required. 1 school double period of roughly 1*4 - VA hours. 
Contents of package: tape, booklets and work sheets. 
Special facilities required: cassette player. 

. n *itline of exercise, Pupils work in 3 groups to take simulated production 



X DATA SHEETS ON SCIENCE-BASED EXERCISES 177 

\ - . 

decisions at 3 points in the past, covering a range of 100 years of acid 
production in Britain. Up-to-date data is provided at the end, and the 
current data assume* a greater significance in the context of the history 
of the industry. 

THE YOUNG CHEMIST 
Authors: U Zoller & J Timor 

Publisher, further information from the authors at Division of Teaching 
in Science and Technology, Technion-Isracl Institute of Technology, 
Technion City, Haifa, Israel 
First published: 1980 
Type^of exercise: board game. 

Courses for.whicb exercise is suitable, chemistry courses at middle 
secondary level. 

Edinatwml aims to provide the participants with the opportunity to 
exercise the scientific methodology of logical process, to provide a vehicle 
for the participants to achieve a wide variety of cognitive (eg periodic 
table, chemical bonding) and non-cognitive (eg co-operation, inquiry) 
outcomes. 

Number of participants needed no restrictions but minimum of 4. 
Time required. 1 school double period of roughly VA - lto hours. 
Contents of package, a collection of cards (game story, question, clue, 
information, element, graph); 2 game boards. 
Special facilities required: none. 

Outline of exercise. The class is divided into groups of 4 within which 
there arc competing pairs who have to pick up question cards in numbered 
order and discuss (within each pair) the presented question in an attempt 
to reach the right solution. The answer agreed upon is then compared to 
that of the opposing pair and the two answers checked against the answer 
sheet. Clues can be taken in trying to find the correct answer and a 
scoring system is used on each item. The winning pair (within each group) 
if the one which scores the most points over the entire game, which ends 
with the successful independent construction of the first part (18 elements) 
of the periodic table. 

WHAT HAPPENS WHEN THE GAS RUNS OUT? 
Authors. F Percival & A H Johnstone 

Publisher. Education Division, The Chemical Society, Burlington House, 
Piccadilly, London W1V0BN 
First published: 1977 
Price. £2.50 

Type of exercise manual case study. 

Courses for which exercise is suitable chemistry courses at upper 
secondary and lower tertiary levels. 

Educational aims, to make the participants aware of the problems that will 
have to be faced by Britain's gas industry over the next 20 - 30 years, to 
help develop communication, inter personal, interpretative, problem-solving 
^« a decision-making skills. * 
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Number of participants needed, groups of 4 - 8 people. 
Time required 2H hours (minimum). 

Contents of packagt teacher's guide, resource materials for participants 
(A4 sheets). 

Special facilities required: none. 

Outline of exercise What Happens When The Gas Runs Out? is a 
structured case stud) on the future of Britain's gas industry'. Working in 
cooperative groups, the participants have to stud) the various options 
, available and formulate an overall policy for the eventual replacement 
of natural gas. 

WHAT IS AN EXPLOSIVE? . 
Author N Re id 

Publisher Scottish Council for Kducationai Technology, Do wan hill, 
Victoria Crescent Road, Glasgow 
First published: 1977 
Price. £4.00 

type of exercise manual case study. 

Courses for which exercise is suitable chemistry courses at middle 
secondary level (designed specifically for Scottish 0 Grade). 
Educational aims to develop (a) an understanding of the essential 
characteristics of explosives, (b) an Awareness of the history of explosives, 
(c) an appreciation of the moral dangers in using explosives and the 
attitudes represented by Nobel. 

Number oj participants needed, any number up to 20. 

Time required. 1 school double period of roughly I 1 * - \ V 2 hours. 

Contents of package, tape and booklets. 

Special facilities required, cassette player. 

Outline oj t xt nise The package uses the development of explosives to 
discuss the nature of burning and rates of reaction. The modern-day 
explosive is set in an historical context, and the voatribution of Nobel 
considered. Participants conclude by writing short essays. 



Section 3: Biology-based exercises 

BIOLOGY CROSSWORDS 
Authors B Kvcling & S Hind 

Publisher Sigma Technical Press, 23 Dippons Mill Close, Tettenhall, 
Wolverhampton WV6 8HH 
First published. 1978 
Price £1.25 

Type of exercise set of crossword puzzles. 

Courses for which exercise ts suitable biologv courses at middle 

secondary level (specifically designed for English 0 level course). 

Educational aims to serve as a reinforcement and revision tool covering 

all aspects of biology included in the above course. 

Sumber of participants needed can be used with groups of any size or 

for private study. 
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Time required. Each crossword requires roughly 30 minutes to complete. 
Cottttnts of package teacher's guide, set of 20 crosswords (1 copy of each). 



Special facilities required, none. 

Outline of exercise. The participants complete the crosswords in the 
conventional way. The 20 puzzles in the pack cover different branches of 
general biology, human biology and botany. 

BREAKDOWN - A DIGESTION GAME 
Authors: R D Stamp & W Harrison 

Publisher Longman Group Ltd, Resources Unit, 9/11 The Shambles, 
York 

first Published. 1975 
Price £0.55 

Type of exercise, board game. 

Courses for vbub exentse is suitable biology courses at middle to upper 
secondary level. 

Educational aims to help participants understand the process of digestion, 
% Sumber of participants needed. 2 - 4 players. 

Time required. 1 school double period of roughly 1% - IV* hours. 
Contents of package A4 booklet whose outer sheets (of thin card) are 
used to prepare the board and other playing materials. The inner sheets 
(of paper) constitute a 9-page background reader/instructional booklet 
for the pupils. 

Speual facilities required scissors to prepare playing materials, matchsticks 
to mount spinners. 

Outline of exercise The board represents the food channels in the body. 
The participants take a rood load around the board using a spinner and 
act on the instructions on the squares as appropriate. The game is finished 
when all players have left the system, 

CIRC 

Inquiries R Lewis, Educational Computing Section, Chelsea College, 

Pulton Place, London SW6 5PR 

First published: 1977 

Type of exercise computer simulation. 

Computer language. BASIC or FORTRAN, 

Courses for xubub exercise is suitable biomedical courses at tertiary level. 
Educational aims to allow the student to discover the properties of the 
heart as an autoregulator, neural and hormonal controls having been 
removed. 

Sumber of participants needed- The exercise can be used either 
individually or with small groups. 
Time required: 1 hour. 

Contents of package teacher's guide, students' notes, computer program. 
Special facilities required: graphics terminal. 
Outline of exercise This progran\ provides an introduction to the 
circulatory system using a simple model. Initially the Starling heart-lung 
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preparation is simulated, and the user can alter variables such as the 
temperature, fluid resistance, or hydrostatic pressure of blood returning 
to the heart. The program displays plots of 5 dependent variables (heart 
rate, arterial pressure, stroke volume, right atrial pressure, flow rate) as 
functions of 1 or 2 independent variables. The effects of drug addiction 
(eg adrenalin or barbiturates) and ageing of the preparation can be 
investigated. 

CLASSIFICATION 

Authors. R D Stamp & VV Harrison 

Publisher Longman Group Ltd, Resources Unit, 9/1 1 The Shambles, 
York 

First published: 1975 
Price: CO. 5 5 

Type of exercise board game. 

Courses for whkh exercise is suitabh biology and general science courses 
at middle to upper secondary level. 

Fducational aims to hclp'the participants understand the classification 
process for living and non-living things found in nature. 
Number of participants required: up to 8 players. 
Time required I school double period of roughly VA - 1 Vz hours. 
Contents of package A4 booklet whose outer sheets (of thin card) are 
used to prepare the board and other playing materials. The inner sheets 
(of paperj constitute an 8-page background reader/instruction booklet 
for the pupils. 

Special facilities required scissors to prepare playing materials. 
Outline of exercise The board is in 4 sections, each representing a part of 
the living or non-living world. The exercise is in 2 parts. In the first the 
participants have to arrange a set of cards on one section of the board, 
thus classifying one section of the living or non-living world. In the 
second, which is competitive, the participants play on all sections of the 
board, thus gaining an appreciation of how the world can be ordered by 
using classification procedures, 

COEXIST (UNIT ON POPULATION DYNAMICS) 
Author. P J Murphy 

Publisher Edward Arnold (Publishers) Ltd, London (Chelsea Science 
Simulation Project) 
First published: 1975 
Price. £7.25 

Type of exercise computer simulation. 
Computer language: BASIC. 

Courses for which exercise is suitable biolog) courses at upper secondary 
and lower tertiary levels. 

Fducational aims to demonstrate that an apparently straightforward 
biological situation, such as the interaction between two species and their 
environment, is in fact quite complex, although this complexity can be 
overcome by considering the problem in its component parts, to help 
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students to design experiments, to illustrate how mathematical models 
can be used in biology 

S umber of participants needed. The exercise can be used either 
individually, or with small groups. 
Time required: 1 • 2 hours. 

Content* of p>u kage teacher*s guide, students* notes, computer program. 
Special facilities required computer terminal or microcomputer. 
Outline of exentse In this exercise, experiments can be simulated which 
investigate the effect of changing certain parameters (initial population 
sue, saturation population sue, number of offspring, generation time) 
which have a bearing on the growth rates of non-competing species. It can 
also be used to carry out a second series of less straightforward 
'experiments' on competing species in which the influence of these four 
parameters and a fifth, the competitive inhibitory factor, can be studied. 

COMPETE (UNIT ON PLANT COMPETITION) 
Author: M E Levendge 

Publisher Edward Arnold (Publishers) Ltd, London (Chelsea Science 
Simulation Project) 
First published. 1977 
Price £7.25 

Type of exercise computer simulation. 
Computer language BASIC. 

Courses for which exert ise is suitable biology courses at middle and 
upper secondary level. 

Educational aims to enable students to studv interactions between 
flowering plants, to plan and investigate plant growth experiments. 
S umber of participants needed The exercise can be used either 
individually or with small groups. 
Time required: 2 - 3 hours. 

Contents of package teacher's guide, students* notes, computer program. 
Special facilities required interactive computer terminal. 
Outline ofcxerusc This unit combines actual experimental work and use 
of second-hand data with two computer simulations of plant growth. The 
first of these simulates monoculture experiments in which the growth of 
different kinds of plants can.be simulated by different students. The 
second simulation gives students an opportunity to plan an investigation 
on the interactions between different mixtures of plants. 



COUNTERCURRENT SYSTEMS 
Author M R Leve ridge 

Publisher Schools Council, distributed b> Edward Arnold (Publishers) 

Ltd, London 

First published 1978* 

Price, part of 4 a pack Computers in the Biologv Curriculum edited by 

M K Leveridge, price £1 5.75 

Type of exercise, computer simulation. 

^"'puter language. BASIC. 
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Courses for whuh exercise is suitable biology courses at upper 
secondary and lower tertiary levels. 

I. durational ,ums to demonstrate and explore models of exchangers and 
multipliers. 

Sumter of participants needed. The exercise can be used either 
individually or with small groups. 

Lout* nh of pa*, huge teacher's notes, students' leaflets, computer program. 
Spuul facilities riijutriJ interactive computer terminal or microcomputer. 
Ou tli nt of exert is e The computer sets up simple models of a heat 
exchanger and a countercurrcnt multiplier which can then be investigated 
by students. 

1>YK 

Inquiries R Lewis. Educational Computing Section, Chelsea College, 

Pulton Place, London SW6 5PU 

hint published 1977 

lype of exercise computer simulation. 

Computer language BASIC or FORTRAN. 

( uur\ t \ for uhuh e\m tse is .suitable biomedical courses at tertiary level. 

/ durational aims to make students aware of the principles involved in 

the indicator method for measuring cardiac output. 

Sumter of partu ipatits needed The exercise can be used either 

individually or with small groups. 

lime required I hour. 

( ontents of package teacher's guide, students' notes, computer program. 
Special facilities required graphics terminal. 

Outline of e.xtmst lhere are two programs which simulate the injection 
of an indicator dve into the blood stream ot a patient. The first is 
relative!) simple and the student learns something of exponential plots 
and time constants. I he second is more realistic and the student performs 
semi-log plots to determine the patient's cardiac output. 

ENZKIN (UNII ON ENZYME KINETICS) 
Author M T lleydeman 

Publisher F.dward Arnold (Publishers) Ltd, London (Chelsea Science 
Simulanon Project) 
hint published 1 977 
/w £7.25 

Type of ex e rem' computer simulation. 
Computer language BASIC. 

Lotoses for uhuh exentse is suitable bio log) and biochemistry courses 
at upper secondary and lower tertiary levels. 

/ dm at ton.*! ,n to enable students to grasp the fundamentals of cn/.ymc 
kinetics, to ciuouragc ingenuity in dealing with an unknown system, to 
provide experience ot data handling and interpretation, to introduce 
students to some of the more complex situations in cn/.yme kinetics such 
as substrate inhibition, co-operatiwtN , ancj the influence of a cofactor. 
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Number of participants needed The exercise can be used either 
individually or with small groups. 
Time required. 2 ■ 3 hours. 

Content* of package teacher's guide, students' notes, computer program. 
Special facilities required interactive computer terminal or microcomputer. 
Outline of e.xcnise The exercise gives practice in planning an experiment, 
rather than simply interpreting the results, through a series of simulated 
experiments on enzyme kinetics. 

EVOLUT (UNIT ON NATURAL SELECTION) 
Author S McCornuek 

Publisher Edward Arnold (Publishers) Ltd, London (Chelsea Science 
Simulation Project) 
hirst published: 1975 
Price £7,25 

Type of exercise computer simulation. 
Computer language* BASIC 

Courses for uhuh exenise is suitable biology courses At middle and 
upper secondary level. 

Educational aims to enable the student (a) to understand the producticn 
of adaptions b\ the action of selection on random variables, (b) to 
understand adaption to specific environmental conditions in relation to 
survival* value, U) to gain experience in manipulating models of selection 
acting on populations. 

Number of participants needed The exercise can be used fcithcK 
individually or with small groups. 
Time required. 1^-2 hours. 

Contents of package teacher's guide, students' notes, computer program. 
Special facilitus required, interactive computer terminal or microcomputer 
Outline o) exercise. The first part of the simulation uses a model whose 
use depends on an understanding of the principles of the theory of 
evolution, the mechanism of natural selection and variation In the second 
part, the student is introduced to a model with which he can experiment 
with selective forces acting in different wa)s. He can thus change and 
direct fluctuations in gene frequency within a gene pool of specified 
population. The student is introduced to the computer model by using" 
an experimental pea model. 

HUMAN ENERGY EXPENDITURE 
Author J Denham 

Publisher Schools Council, distributed b> Edward Arnold (Publishers) 

Ltd, London 

hirst published 1978 

l*rtce part of a pack Computers in the Biology Curriculum edited by 

Si E Levcndge, price £15.75 

Type of exercise computer simulation. 

Computer language- BASIC. 
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Course* for wbuh exentse is statable biology courses at lower and 
middle secondan level 

I durational aims tu allow students to explore energy requirements in 
relation to activity, sex and mass without doing any calculation. 
\ umber of participants needed. The exercise can be used either 
individually or with small groups. 

C >nti nts of pai kage teacher's notes, students* leaflets, computer program 
Special facilities required interactive computer terminal or microcomputer. 
Outline of exen tse The computer program calculates human energy 
requirements for different activities which can be specified by students. 
It contains data for men and women undertaking 72 different activities. 

INHERITANCE ' 
\uthor M E Leveridge 

Publisher Schools Council, distributed h), Edward Arnold (Publishers) 

Ltd» London 

First published 1978 

/Vuf part of a pack Computers in the Biology Curriculum edited by 

Ml* Leveridge, price £1 5.75 

type of exercise computer simulation. 

Computer language BASIC. 

Courses for xuhuh eu'nise /s suitable biology courses from middle 
secondary to lower tertiary level. 

/ durational aims to supplement students' breeding investigations carried 
out in the normal laboratory, to enable students to plan crosses and 
analyse results carefully. 

\ umber of partn ipants needed The exercise can be used either 
individually or with small groups. 

Contents of pai kage teacher's notes, students' leaflets, computer program. 
Spt\ tal f ,it ilitu s n if aire J interactive computer terminal or microcomputer. 
Outline of i u nise In this computer simulation, students use 4 simulated 
breeding investigations for the study of genetics. 3 of the species studied 
are animals (Drosophila. mice and man) and 1 is a plant (tomato). A 5th 
program contains a simple model of multifactorial inheritance in a 
hypothetical situation. 

INVASION (MICROBES) 

Authors R D Stamp & W Harrison 

Publisher Longman Group Ltd. Resources Unit, 9/1 1 The Shambles, 
York 

First published 1975 
Prtcr CO 5 5 

lypt* of exercise board game. 

Coursts for uhuh exentse is suitable biology and general science courses 
at middle to upper secondary level. 

hJutatioual aims The game simulates the wars that are constantly being 
fought to maintain the health of our bodies. It is designed to help pupils 
learn how it is possible for the body to ward off the attacks by various 
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disease-causing microbes by deploying a range of different defence 
mechanisms. 

Number of participants needed- 2 • 8 players. 
Time required. 1 school period of roughly 35 -40 minutes for each 
section of the game to be covered by a given pupil. (The 4 sections can 
be played simultaneously by up to 8 f^Xpils). 

Contents of package A4 booklet whose outer sheets (of thin card) are 
used to prepare the board and other playing materials. The inner sheets 
(of paper) constitute a 12-page background reader/instructional booklet 
for the pupils. 

Special facilities required* scissors to prepare board and play ing pieces* 
nutchstick for mounting the spinner. 

Outline of exercise Pupils play in pairs, each pair using one sector of the 
board which represents a part of the body (lung, gut, sex organ and skin). 
Each pupil chooses an opponent, a sector of the board and a role 
(defender or attacker) before pla> commences. The game is in 2 parts- 
in the first, the attacker and defender try to colonize their section of the 
board and draw up battle lines, in the second, the attacker tries to occupy 
as nuny areas of the battlefield as possible, while the defender tries to 
eliminate the attacks. A scoring system is used to decide whether the 
attack has been successful or whether the potential disease has been 
overcome. 

UNKOVER (UNIT ON GENETIC MAPPING) 
Author P J Murphv 

Publisher. Edward Arnold (Publishers) Ltd, London (Chelsea Science 
Simulation Project) 
First published: 1975 
Price, £7.25 

Type of exercise computer simulation. 

Computer language: BASIC. $ 

Courses for which exercise is suitable, biology courses at upper 

secondary and lower tertiary levels. 

Educational aims to improve studcnts\comprehcnsion of linkage and 
generic mapping, to allow students to plan and execute a programme of 
associated experiments. 

Number of participants needed The exereise can be used cither 
individually or with small groups. 

Time required 3 hours of computer sessions plus 2h hours of associated 
class work. 

Contents of package teacher's guide, students' notes, computer program. 
Special fa*, ilit us required interactive computer terminal or microcomputer. 
Outline of exercise The first stage of the computer investigation involves 
the selection of gene combinations either alphabetically or otherwise until 
the sequence of the genes in the linkage group has been established. The 
second stage involves the selection of adjacent genes so that the distances 
separating the geaes can be accurately calculated. The students are then 
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involved m producing an accurate genetic map of the single chromosome/ 
of the 'electronic species' under investigation. • / 

NUTRITION 

Authors: R D Stamp & W Harrison 

Publisher Longman Croup Ltd, Resources Unit. 9/11 The Shambles, 
York 

First published: 1975 
Price. £0.55 

Type of exercise board game. 

Courses for wbkb e.xemse is suitable biolog) courses at middle to upper 
secondary level. 

Edit t at tonal aims to help participants understand the cnerg) chain, which 
converts the sun's energy into food, to make the participants aware of the 
types and quantities of foodstuffs required to provide man with a 
balanced diet » to highlight the world's present food crisis. 
Slumber of participants needed: 2 ■ 4 players. 

Time required 2 school periods of rough!) 35 40 minutes each (1 period 
for each game! 

Contents of package A4 booklet whose outer she .s (of thin card) arc 
used to prepare the boards and other pla> mg material. The inner sheets 
(of paper) vonstitutc a 6 page background readcr/insirucuonal booklet 
for the pupils. 

Special facilities required scissors to prepare the playing materials, 
rm unstick for mounting the spinner. 

Outline of the exercise The package consists of 2 games. The first, The 
Energy Cham, involves the participants in progressing to the top of a 
pyramid using a spinner to overcome obstacles on the way. They each 
start with the same amount of energ), but end up with different amounts, 
depending on how successfully the> climbed the pyramid. In the second, 
Facing Famine, the participants have to produce a balanced diet in both 
the developed world and the undeveloped world. The) are asked to fill in 
the nutritional uluesof all the food in the meals described on venous parts 
of the board on their daily diet sheets. The game ends when all players 
have had the jpportumt) to vollect nutrients from each meal on the board. 

\ 

OPKRON 

Inquiries R Lewis, Kducational Computing Section, Chelsea College, 

Pulton. Place, London SW6 5PR 

First published: 1977 

Type o / exerc ise eo mpu t e r si m u la t i o n . 

Computer language. BASIC or FORTRAN. 

Courses for which exercise is suitable biolog) courses at tertiary level. 
Educational aims to allow students to combine genetic elements at will. 
Xitmber bf participants needed. The exercise can be used either 
individually or with small groups. 
Time required: I hour. 

Contents of package teacher's guide, students' notes, computer program. 
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Speikit fatthttes hquinJ graph us terminal or alphanumeric terminal. 
Outline of exercise This package proxidcs an introduction to the 
Jaeob-Monod model of gcnct.c induction, Various options allow the 
student to select one, or the cross of two genetic strains, or to clreaic his 
own b\ specify ing the order of genes wsthm the opcron and the content 
of the genes. The student can then nuke a simulated ossa> for enz>mic 
acu\ii\» with or without inducer, for various times of sampling, total 
assay and introduction of inducer. 



t*OLY 

Inquiries K Lewis, Educanonal Computing Section, Chelsea College, 

Pulton Place. London SW6 5 PR 

Firs* published. 1977 

Type of esterase computer simulation. 

Computer languor BASIC or FORTRAN. 

Course** j,n wbiib e^entse is Mutable, btolog) courses at tcrtiar) IcveF. 
hducational amis to reinforce teaching on polygenic inheritance. 
X umber of participants needed. The exercise can be used cither 
individually or with small groups. 
Time required 1 hour. 

Contents of pjc htgt teacher's guide, students* notes, computer progra\n. 
Speeul facilities required graphics terminal. \ 
Outline of t'.wruw The package models a simple situation of pol)genic 
inheritance. The student controls the number of relevant loci (up to 5), 
the t\ pc of dominance (classical or co-dominance), the phcnot>pic effect 
of each alUIc and the parental genotx pes. ,\n\ number of offspring arc 
then produced from the specified mating, and a histogram is built up 
showing the number ot organisms in each phenotvpe class. The model 
can also be used to set simple statistical exercises using random 
distributions. 



PONu ECOLOGY 

Authors. J A Trainer &M E Lcveridge 

Publisher Schools Council, distributed b\ Edward Arnold (Publishers) 

Ltd, London 

l int published 1978 

Prue part of a pack Computers in the Btolog) Curriculum edited by 

M K Lcveridge, price £15.75 

Type ofexetcise computer simulation. 

Computer language BASIC. 

Courses for what* t \\t rtt\e is suitable biulogx courses from middle 
secondary to lower tertiary level. 

Educational attris to enable students to stud) the interactions between 
the trophic levels and some of the effects of man upon them. 
Number of participants needed The exercise can be used cither 
individually or with small groups. 

Contents of package teach cr's notes, students* leaflets, students 4 notes, 
O uicr program. 
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Special fa^ilitie* rt quirt J interactive computer terminal or microcomputer. 
Online of «.\« r«,m I his computer simulation sets up a model ecosystem 
which allows the effects ol fishing aiul pollution on the numbers of 
phytoplankton, herbivores and fish to be investigated. 

PREDATOR-PREY RELATIONSHIPS 
Author: J Denham 

Hbltsber Schools Council, distributed b> Kdvvard Arnold (Publishers) 

Ltd, London 

First published: 1978 

foie-e part of a pack Computers in the Biology Curriculum edited by 

M K Leve ridge, price 015.75 

type of exercise: computer simulation. 

Computer language BASIC. 

Lourses /or v,bub t'.\(?ruj<' is suitable biology courses at upper secondary * 
and lower tertiary' levels. 

Mutational aims, to enable students to study some of the effects of the 
interactions between predators and prey. 
Sumber of participants needed. The exercise can be used either 
individually or with small groups. 

Content* of packagi teacher's notes v student^ leaflets, computer program. 
Special /./« iht it's requmd interactive computer terminal or microcomputer. 
Outline of exercise A simple model of the relationship between predator 
and prey is set up ami investigated. The effects of the interactions upon 
the sizes oi predator and prey populations are studied by setting up a model 
of an ecosystem containing 1 prey species and 1 predator species. 



SELECT 

Inquiries K Lewis, Educational Computing Section. Chelsea College. 

Pulton Place. London SW6 5PR 

I ir st published 1977 

Type of exercise computer simulation. 

Computer language BASIC or FORTRAN. 

Courses for nbub exenise is suitable biolog) courses at tertiary level. 
Educational aims to reinforce teaching on population genetics. 
\umber of partn tpants needed The exercise can be used either 
individually or with small groups. 
Time required- I hour. 

Contents of package teacher's guide, students' notes, computer program. 
Special fatilittes required, graphics terminal or alphanumeric terminal. 
Outline of exercise. This package models natural selection in action for a 
one gene/two allele s>sicm. The student can control the following 
parameters relative v lability of the genoty pes, mutation rates, migration 
rates, sue and natural composition of the population and the breeding , 
system in operation in order to investigate hov\ the population changes 
through any number of generations. The model is stochastic for small 
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STATISTICS FOR BIOLOGISTS 
X A&tbor M E Lever idgc 

Publisher Schools Council, distributed b> Edward Arnold (Publishers) 
Ltd; London * * 
hnt published 197H 

Price part of a pack Computers in the Biology Curriculum edited by 

M E Lcvcridg*, price £15.75 

Type of exercise computer simulation. 

Computer language BASIC. 

Courses for vjhuh exenne is suitable biology courses at upper 
secondary and lower tertiary levels, 

hduidttona) afms to help students appreciate the statistics used in 
biology, 

1 Sumber of partutpants needed, Ttyc exercise can be used cither 
» individually tfr with small groups, / 

Contents »f pa^ka&t teacher's notes, students" leaflets, computer program. 
Special fat unit \ interactive computer terminal or microcomputer. 

Out hue of ttunut' The computer simulates results of biological 
experiments, the data from which is used to assist in the development of 
* students 1 undemanding ot statistical techniques. \ 



TOE DEAD RIVER 
Author E N Swincrton 

Publisher, Umon Printing Co Inc. 1 7 \V Washington Street, Athens, 
Ohio 45701, USA 
fmt published 1973 

Pm>e $14/00 (reductions available for orders of 10 or more) 
Type of exenise manual role-play ing simulated ease study* 
Courses for uhuh exer %t %* x> suitable biology, ccolog} , environmental 
studies, social studies and general studies courses at middle secondary 
to lower tertian' level. 

Educational aims to make the participants aware of the complexities of 
water tcsoittyc problems and the methods used to solve them, to help 
l( develop »mer petvmal, v >mmun»catjon, decision making and profjlcm 
solving sfcilh 

Numbe* of participants needed 1 0 - 30 
Tune required 2 3 hours (minimum) 

Uomhts a* pui. kagr , teacher's manual, sets of team guide books, team 
name plates 

Sptctal facilities required none. 

Outline of exenm The Dead River simulates a water pollution problem, 
fcach participant is given a role to pla> ir* planning to clean up a river 
and forms parr ot a uarti* taxpayers', devclopcrY, 'recreation association 
members", 'scientists' and others') The various teams try to establish 
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the quality standards they think are important for their particular uses 
of the river, after which they try to agree on a quality standard 
acceptable to and within the financial means of all the groups. 

THE GREAT BLOOD RACE 
Authors: R D Stamp & \V Harrison 

Publisher Longman Group Ltd, Resources Unit, 9/1 1 The Shambles, 
York 

First published; 1975 ' 
Price. £0.55 

Type of exercise board game. 

Cannes for uhich ex erase is suitable biolog) and general science courses 
at middle to upper secondary level. 

Educational aims to help the participants appreciate the composition and 
circulation of blood in the human body, the main organs it visits and the 
reasons why, and some of the things that can go wrong with the 
circulation system. 

Sumter of participants needed 2 - 6 players. 

1'tme required 1 school period of roughly 35 -40 minutes. 

Contents of package A4 booklet whose outer sheets (of thin card) arc 

used to prepare the board and other playing materials. The inner sheets 

(of paper) urns mute an 8 page background reader/ instructional booklet 

for the pupils. 

Spettal facilities required scissors to prepare board and playing pieces, 
personal counters (1 per pupil), 2 matchslicks for mounting the spinners. 
Outline of exercise The board is designed to represent the blood 
circulation system in the human body and the exercise is really a race 
around the circulation system. The game starts by pupils taking turns with 
a spinner in order to collect together the 5 components of whole blood. 
Once these ha\e been acquired, the pupil can enter the board game proper. 
The rate of progress round the track representing the circulation system 
is controlled b> a 6-sided spinner and is helped or hindered by various 
chance and other factors. The hindering factors occur regularly and 
confront the pupils with problems they can only solve if they know 
certain facts about human blood. The winner of the game is the first 
pupil to complete'a single circuit of the board. 

THE R1DPEST FILE 

Publisher BP Lducational Service, PO Box 5, Wcthcrby, West Yorkshire 
LS23 7 EH 

First published. 1977 
Price £12.96 

Type of exercise, manual simulated case studies. 

Courses for which exercise is suitable science courses at upper secondary 
and tertiary levels. 

Educational aims to enable the students to participate in the experience 
of decision making »n the fields of biology and environmental studies. 
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Number of participants needed: up to 24.' 

Time required, up ti) 4 hours for each case study. 

Contents of package teacher's guide, audio cassette, filmstrip, 

information cards, newspapers, work sheets. 

Special facilities required cassette player, filmstrip viewer. 

Outline of exercise The package consists of 4 simulated case studies, 

dealing with different aspects of pests and pest control. The material in 

each case stud> is adaptable for use with different ability groups. The 

participants use the resource material and the work sheets in order to 

make important decisions un crop protection and public health. The 

titles of the individual case studies arc as follows 

1. Plants in the wrong place 

2. Potato famine 

3. Insects at home and abroad 

4. Help the harvest. 

TRANSPIRATION 

Authors M K Leveridge & J Pluck 

Publisher Schools Council, distributed by Edward Arnold (Publishers) 

Ltd, London 

First published 1978 

Price part of a pack Computers in the Biology Curriculum edited by 

M E Leveridge, price £15.75 

Type of exercise: computer simulation. • 

Computer language: BASIC. # 
Coursvs for which exe/cise ,$ suitable, biology courses from middle 
secondary to lower tertiary level. 

Educational aims to allow students to carry out investigations into the 
environmental effects of transpiration. 

Number of participants needed The exercise can be used either 
individually or with small groups. * 

Contents of package teacher's notes, students' leaflets, computer program. 
Special facilities required interactive computer terminal or microcomputer. 
Outline of exercise The effects of the environment on water loss from 
plants are modelled and studied. 

i 

TRANSPORT IN PLANTS 
Authors.. R D Stamp & \V Harrison 

Publisher Longman Group Ltd, Resources Unit, 9/1 1 The Shambles, 
Yc>rk 

First published- 1975 

Price £0.55 • x 
'Type of exercise- board game. 

Courses for which exercise is suitable biology and general science courses . 
at middle to upper secondary level. 

Educational aims to help the participants appreciate the food 
requirements of plants, how this food is made from raw materials by 
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the process of photosynthesis and how tt is transported to the roots for 

nourishment (the potato tuber is used as the example). 

Number of participants needed 4 players. 

Time required 1 school period of roughly 35 * 40 minutes. 

Contents of package A4 booklet whose outer sheets (of thin card) are 

used to prepare the board and other playing materials. The inner sheets 

(of paper) constitute an 8-page background reader/instructional booklet 

for the pupils. 

Special factltttes required scissors to prepare board and playing pieces, 
2 matchsticks for mounting the spinners. 

Outline of exercise The game is divided into 2 sections. In the first, the 
pupils gather together water, mineral salts and carbon dioxide (being the 
raw materials) and move them in turn along the board from the soil to 
the palisade cells of the leaf so that photosynthesis ^an take place. The 
various factors governing the rate of uptake of these materials are 
represented as hazard or bonus squares on this part of the board. In the 
second part, the object is to transport the food (sucrose) from the leaf 
to the tuber as quickly as possible. Again the various factors which affect 
the rate of uptake of sucrose by the tuber are represented by hazard and 
borui|. squares on the board. The winner is the first player to reach the 
tuber with- the food. * 

VITAMINS 
Author P F Plouu 

Publisher Union Printing Co Inc. 17 \V Washington Street, Athens, 
Ohio 45701. USA 
hirst published 1975 

Prue S 10.00 (reductions available for orders of 10 or more) 
Type of exercise card game. 

Courses f+>r which exercise is suitable biology, nutritional science, healtlf 
education and general studies courses at secondary and lower tertiary levels. 
hdiu at tonal amis to help the participants leam about vitamins, their 
sources and their metabolic functions. 
Number of participants needed 2-6. 

Time required This vanes according to the number of players and their 
age. but is typically of the order of 20 - 30 minutes for the basic game. 
Contents oj package 3 3 'vitamin' cards, 33 'source* cards, 33 'function' 
cards, 22 'disorder' cards, link key chart, spinner, instruction booklet. 
Special facilities required none. 

Outline of exercise Players attempt to form vitamin links by matching 
vitamins with their sources and functions, the winner being the first 
player to form 3 valid vitamin/sourcc/function links. Variations of play 
arc included to provide additional open-ended activity. 
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Section 4: Other exercises with some science or 
technology content 

DENTAL HEALTH PROJECT 
Authors. F Percival & H I Ellington 

Publisher The Association for Science Education, College Lane, Hatfield, 

Herts ALIO 9 AA 

First published: 1980 

Type of exercise- manual simulation game. 

Course* for which exercise is suitable The exercise was specially developed 
for use in the ASE's Science in Society AO level course and is suitable for 
use in science in society, general studies, sociology and health education 
courses at upper secondary and tertiary levels. 

Mutational aims, to make the participants aware of the arguments for 
and against fluoridation of public water supplies and of the procedure by 
which decisions regarding public health measures are reached at local 
government level, to cultivate debating and decision-making skills. 
S umber of parttaparit* needed The exercise is designed for use with a 
class of up to 20 pupils or students, but can be used with smaller numbers 
(mm 10). 

time required 1 school double period of roughly VA - 1 Vi hours. 
Contents of package teacher's guide, role sheets. 
Special facilities required none. 

Outline of exercise The Dental Health Project is a simplified version of 
Fluoridation? (see page 194). It is based on the hypothesis that an area 
health authority has recommended that the local water supply should 
be fluoridated, and takes the form of a simulated meeting of the County 
Council, who have to make the final decision on the issue. The participants 
all take the role of county councillors, and are given individual role sheets 
which state their initial position on the fluoridation issue (for or against) 
and outline the points that thev should make at the meeting, which ends 
with a free vote. ^ 

EKOFISK - ONK OF A KIND 

Authors The main educational material in the package was written by 
H 1 Ellington and E Addinall 

Publisher. Phillips Petroleum Company Europe Africa, Portland House, 

Stag Place, London SW1E 5 DA 

First published 1980 

Price supplied to teachers free on request 

Type of exercise multi-disciplinary multi-project and resource pack. 
bourses for which exercise is suitable The package contains resource 
material, projects and case studies for use in teaching a wide range of 
subjects ^including physics, chemistry , science in society and general 
studies) from upper primary, through secondary, to lower tertiary level. 
Educational aims to explain what goes on in the North Sea oil and gas 
industries, to demonstrate the application of physics, chemistry and 
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other academic subject to an inipi T ant real-life situation". 

Sttmbtr of partuifutnty ne< dtd The various projects and case studies in 

the package can be used with any si/e of class simply by making the 

appropriate number of photocopies ot the relevant class sheet(s). 

/iwr 1 require J Most ot the projects and case studies can be completed 

in a standard school period of roughly 40 minutes. 

Content* of package teacher's guide, set of class sheets (in form of 

photocopy, masters), set of class readers, illustrated booklet, set of posters, 

glossary of terms. A 30-nunute 16mm colour tilm, Lkofisk One 

Kind, is also available on tree loan trom Phillips Petroleum. 

Special facilities requmd access to photocopier (for duplicating class 

sheets), 16mm film projector (if film is to be shown). 

Outline of exercise F.kofisk - One of a Kind is a form of multi- 

disuphnary multi project pack, containing background information on 

all aspects ot the North Sea oil and^rrrrrdusrnes plus projects and case 

studies designed for use in teaching a wide range ot academic subjects. 

The package includes a number of case studies and projects specifically 

designed tor use m teaching ph\ sics and chemistry at secondary and 

lower tertiarv levels 

FLUORIDATION? 

Authors !• Perciv.il & II I Rlhngton 

Publisher I he Institution ot hlectric.il Engineers. Savoy Place, 

London WC2R OBI. 

hirst published 1980 

Price £7.00 (inc p & p) 

lype of exen ist' manual simulation game. 

Course* fi<r uhuh exempt' is suitable science in society , general studies, 
sociology and health education couises at upper secondary and tertiary 
lev els. 

/ durational aims to make the participants aware ot the arguments for 
and against fluoridation ot public water supplies and of the procedure by 
which decisions regarding public health measures are reached at local 
government level, to cultivate interpretative, communication, debating 
and decision-making skills. 

\umber of participants needed optimum number 18 (nun 13, max 24). 
lion required i x * - 3 hours, depending on the level at which the exercise 
is being used. 

Contents of package teacher's guide, introductory booklets, briefing 
booklets for various roles. 

Special facilities required overhead projector, blank 01 IP transparencies 
and felt pens. 

Outline of exercise I Uioridation? is a role-playing simulation exercise. 
It is based on the hy pothesis that an area health authority is considering 
the principle of fluoridation of the public water supply , and takes the 
form of a simulated public meeting called by one of the community 
health councils tu discuss the question. The participants are divided into 

ERLC 



DATA SHEETS ON SCIENCE-BASED EXERCISES 



195 



three group*, nanicl> supporters of fluoridation, objectors and 'neutrals' 
members of the local health council who listen to the various arguments 
presented and then decide whether or not to support fluoridation when 
the issue is discussed at a higher level. 

GEOLOGIC riMfc CHART GAME 
\ttthor. P F Ploutz 

Publisher Union Printing Co lnc, 17 W Washington Street. Athens, 
Ohio 45701, USA 
First published 1972 

Prtie Si 6.50 (reductions available for orders of 10 or more) 
Type a f exera se b oa r d ga m e . 

Lounes for whuh'exenhe is suitable geology , biology and general science 
courses at secondary and lower tertiary levels. 

Educational aims- to help the participants to learn the eras and periods of 
geological time, and make them aware ot how species survive or disappear. 
Sumber of participants needed 2 * 6. 

Time required. This varies according to the number of players and their 
age. typically about 40 minutes. 

Contents of package board. 6 player tokens. 1 00 population chips, 
32 'Evolution' cards, 26 'Chance' cards, die, instructions (on box). 
Special facilities required none. 

Outline of exewse Play proceeds from the Protcrozoic Era, when the 
simplest of life is thought to have originated, through the Palaeozoic, 
Mcso/ t oic and Ccnozoic Kras. Animals are introduced in the appropriate 
periods of each era and compete with cadi other and with the environment 
for survival. 

LAB APPARATUS 
Author P F Pioutz 

Publisher Union Printing Co Inc. 17 W Washington Street, Athens, 
Ohio 45701, USA 
hirst published 1 975 

Prut- S9.00 '(reductions available tor orders of 10 or more). 
Type of exercise card game , 

Counts for zvhuh exercise is suitable science courses at secondary level. 
[.durational aims to help participants identify (by name and appearance) 
100 common laboratory apparatus items, become familiar with their use, 
and become aware of safety precautions associated with their use. 
Sumber of partutpunts needed, normally 2 6, although up to 10 can play. 
Time required This vanes according to the number of players and their 
age, but the game is designed to be completed in a single school period 
of roughly 40 minutes. 

Contents of package 100 cards illustrating lab apparatus. 50 function 
cards. 50 safety question cards, spinner, instruction/rule booklet. 
Special facilities required none. 

Outline of exentse Players identify lab equipment, then answer questions 
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about its use and safety Function an J safety cards put players in situations 
where they can win or lose points. Chance favors add points for good lab 
technique, 

NORTH SEA CHALLENGE 

Author. M Lynch, Bath University, School of Education 

Publisher BP Educational Service, PO Box 5, Wetherby, West Yorkshire ' 

LS23 7EH 

hirst published 1975 
Price £12.96 

Type oj exercise manual simulated case study. 

Course* for wbuh exercist is suitable science courses at upper secondary 
and tertiary levels. 

hducatiunal aims to enable the students to participate in the experience 

of decision making in an area of high technology. 

Number oj participants needed 16-20. 

Time required up to 3 hours for each case study. 

Contents of package teacher's guide, audio cassette, filmstnp, OHP 

transparencies, briefing sheets, data cards. 

Special facilities required cassette player, OHP, filmstnp viewer. 
Outline of exercise The package consists of 3 simulated case studies 
entitled Strike, Slick and Impact. In the first, the participants are faced 
with an oil strike in the North Sea, Their task is to decide how best to 
develop the field and get the oil ashore (the decisions being made on 
economic, environmental, technical and geographical grounds). In Slick, 
the participants, working in groups, have first to decide on how best to N 
protect an area from a possible oil spill, and then deal with the problems 
of a 100 tonne oil sp;ll. The final case study, Impact, deals with the 
implications of industrial development for a small Scottish community . 
m particular, groups of participants have to prepare cases for and against 
the proposed development of a steel platform construction yard, and 
then debate the issue. 

OFFSHORE OIL BOARD GAME 
Authors: H I Ellington & E Ad di nail 

Publisher The Association for Science Education, College Lane, Hatfield, 

Herts ALIO 9AA 

hrst published 1980 

Type of exercise- board game. 

Courses for which exercise is suitable. The exercise was specially developed 
for use in the ASE's Science in Society AO level course, and is suitable for 
use in science in socit s » and general studies courses at middle and upper 
secondary level. 

Educational aims to make the participants aware of the process by which 
offshore oilfields are discovered and brought into production and of thv 
high-risk nature of tl.e industry, to help develop the ability to make 



DATA SHEETS ON SCIENCE-BASED EXERCISES 



197 



decisions under pressure in a rapidly changing situation. 

Xumber of participants fit eded l'he exercise is designed tor use with a 

class of up to 20 pupils working in groups of up to 5. 

Time required 1 school double period of roughly 1*4 - 1*4 hours. 

Contents of package teacher's guide, 4 playing sets of the game. 

Special facilities required, none. 

Outline o) exttcise The Offshore Oil Board Game is an educational version 
of North Sea, a family board game developed by the authors for Shell 
VUK) Ltd in 19o. The participants take the role of oil companies 
competing to disco\er and develop offshore oilfields as quickly as possible, 
the winner being the first player to bring a field into production and 
collect sufficient re\cnue to pay off his/her loans. The game is designed 
for 2, 3 or 4 players plus a non-playing banker. 

QUERIES 'N THEORIES 

Authors. L E Allen, Peter Kugel & Joan Ross 

Publtsher Science Systems Ltd, 173 Southampton Way, London SL5 7KJ 

First published. 1970 

Type of exercise board game. 

tourses for u,buh exercise ts suitable science courses at upper secondary 
and tertiary level. 

I- durational aims to help the participants develop an understanding of 
the basic scientific method that of formulating theories and testing them. 
Number of participants needed' minimum of ^players. 
lime required as required but a minimum of 1 school double period of 
roughly l l 4 - lH hours is recommended. 

Contents of package game booklet (54pp), board and playing materials. 
Special facilities required, none. 

Outline of exerase In the present context, this game is a simulation 
exercise which deals with the scientific method (it can also be used in the 
teaching of generative grammars). Queries n I ' cones is a series of games 
of increasing complexity. Basically they are exercises in formal logic in 
which one of the participants sets a problem (by defining a language/ 
theory) and the others ha\e to Understand* the problem by taking turns 
to construct 'queries'. Each 'query ' is adjudicated before the next is 
constructed. In this way the participants gradually build up an 
understanding of the problem set. This is a sophisticated exercise, the 
tune required to play it being dependent on the ability ot the * 
participants and the level of play chosen. 

SAFETY SNAKES AND LADDERS 
Author A Armstrong 

Publisher Sigma Technical Press, 23 Dippons Mill Close, Tettenhall, 
Wolverhampton WV6 81 III 
hirst published 1978 
Price: £1.25 

Type of exercise board game. 
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Count* for ubul t\\er*,tse u suitable science courses at lower to middle' 
secondary level 

k durational atms to help children just beginning laboratory work to 

learn effective safety techniques. 

Xumber of participants needed. 2 - 4. 

I'tme required roughly 30 minutes. 

Contents of package board, die, plavcr tokens. 

Special facilities requued. none 

Outline of exercise The game is played in exactly the same way as 
conventional snakes and '.adders, the players moving up ladders and down 
snakes when they land on squares respectively describing good and bad 
laboratory practices. 

389/SCIENCE CONCEPTS 
Author* P F Ploutz & M Hawkins 

Publisher Union Printing Co Inc. I 7 \V Washington Street, Athene, 
Ohio 45701. USA 
I'trtt published 1977 

Price $8.00 (reductions available for orders of 10 or more) 
/ ype of exercise card game. 

Courses for ubub t u r^ise is suitable science courses at secondary and 
lower tertiary levels. 

I durational anus to help the participants become familiar with some of 
the must important concepts in the urious life, earth and physical sciences. 
Xumber of participants needed 2 - 6. 

lime required This \ aries according to the number of players and their 
age, but the game is designed to be completed in a single school period of 
roughly 40 minutes. 

Contents of package 100 Life Science Concept cards, 100 Earth Science 
Concept cards, 100 Physical Science Concept cards, 34 'Mind Bender 1 
cards. 33 Scientist cards, 33 *Coof cards, 6 player tokens, instruction 
booklet. 

Spectal facilities required none. 

Outline of exercise Science Concepts deals with 16 science topics found 
in most American elementary /junior high school programmes. 

Life Plants, Animals, Human Body . Micro-Organisms. Ecology. 

bartb Astronomy, Meteorology, Oceanography, Earth. 

l'h\\ual Matter, Energy, I Icat- Light -Sound, Magnetism/ Electricity, 

Simple Machines. 

Additional features include 3 3 ' famous Scientists', 33 'Goof cards (for 
a 'fun' element) and 34 'Mind-Bender' cards, presenting contemporary 
science problems (endangered species, energy shortage, space travel, 
population control, etc). Students collect the various concepts, then 
•declare' their interest in a career as an earth, life or physical scientist. 
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SCIENCE SENSE 

Authors R D Stamp & VV Harrison 

Publisher Longman Group Ltd, Resources Unit, 9/11 The Shambles, 
York 

First published 1975 
Price CO. 55 

Type of ex erase board game. 

Count* for which exercise is sua able biolog) , chemistry general science 
and physics courses at middle to upper secondary level. 
Educational aims to make the participants aware of the dangers of 
working in a science laboraton » to make them aware of a commonsense 
code of safet> and procedures and hence help them avoid accidents and 
mistakes. 

Number of participants needeih 2 - 6 players. 

Time required. I school penod of roughly 35 -40 minutes. 

Contents oj package A4 booklet whose outer sheets (of thin card) are 

used to prepa»e the board and other playing materials. The inner sheets 

(of paper) constitute a 4 page background reader/instructional booklet 

for the pupils. 

Special /at iltties required scissors to prepare playing materials, 
matchsticks to mount the spinners. 

Outline of exenise The participants progress around the board using a 
spinner and act on the instructions on each square on which they land. 
The winner is the player who completes the circuit first. 

SPACE COLONY 
Author J Johnson 

Publisher Teaching Aids Co, 925 South 300 West, Salt Lake City, 
Utah 84101, USA 
First published: 1977 
Price: $14.95 

Type of exercise: board game. 

Course* for which ex entse is suitable general science and general studies 
courses at lower and middle secondary level. 

Educational amis to introduce the participants to the problems that 
would be encountered by a s l acc colony trying to establish itself on Mars, 
to make them aware that survival depends both on good planning and on 
goo/ luck. 

Number of participants needed: 2 - 6. 
Time required. 1 hour (minimum). 

Contents of package board, 6 space colony cards, 30 successful 
experiment cards, 30 accidental failure cards, 12 expedition cards, oxygen, 
food and water coupons, 90 modules, 12 markers, 2 dice, instruction 
booklet. 

Special facilities required- none. 

Outline of exercise The exercise simulates the problems likely to be faced 
by an expedition to Mars. Several space vehicles are sent under separate 
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commanders to establish colonies. Each player represents the formation of 
a separate colony and his principal objective is survival. Players must ensure 
that they have enough food, water and oxygen and have to overcome both 
natural and mechanical disasters. 

THE AIR ABOUT US (THE BALLOON RACE) 
Authors. £ D Stamp & W Harrison 

Publisher Longman Group Ltd, Resources Unit, 9/1 1 The Shambles, 
York 

First published: 1975 * ' 

Price: £0.55 

Type of exercise: board game. ^ 

Courses for which exercise is suitable general science courses at middle 

to upper secondary level. y 

Educational aims to help the participants understand the complex nature 

of the earth's atmosphere. „ 

Number of participants needed: 2 - 5 players. 

Time required. I school double period of roughly - LVi hours. 

Contents of package A4 booklet whose outer sheets (of thin card) are 

used to prepare the board and other playing materials. The inner sheets 

(of paper) constitute a 12 page background reader/instructional booklet 

for the pupils. 

Special facilities required scissors to prepare playing materials, 
matchstick to mount spinner. 

Outline of exercise The game is based on a hot air balloon race. The 
progress of each participant >s determined principally b> knowledge of 
the atmosphere (the participants have to answer a series of questions 
relating to the basic properties of the atmosphere)^ A spinner is used to 
simulate chance factors and the winner of the race is the winner of the 
game. 

THE WATER CYCLE 

Authors. R D Stamp & W Harrison 

Publisher Longman Group Lt J, Resources Unit, 9/1 1 The Shambles, 
York 

First published: 1975 
Price £0.55 

Type of exercise board game. 

Courses for whuh exercise is suitable, gen*"" 1 science courses at middle 
to upper secondary level. 

Educational aims, to help the participants understand the nature of the 
water cycle» to show the variety of uses and the importance of water in 
our lives. 

Number of participants needed: 4-12 players. 
Time required. 1 school double period of roughly IK - IVi hours. 
Contents of package A4 booklet whose outer sheets (of thin card) are 
used to prepare the board and other playing materials. The inner sheets 
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(of paper) constitute an 8 page background reader/instructional booklet 
for the pupils. 

Special facilities required , scissors to prepare playing materials. 
Outline of exercise The board represents die total water cycle which is 
broken down into 10 different elements. The participants, by answering 
a scries of questions, have to collect cards which* allow them to complete 
the c)clc. The game can be extended b> getting participants to produce 
a model water cycle for their own district. 
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Adaptation of an existing exercise, 101-2 
Affective domain, skiUs, 20, 107 
Alkali Industry. The. S6-7 
Ainsyn Problem, The, 19, 61-3 
Analytical skills, 20. 67 ^ 
Association for Science Education 

(ASE), 33, 48. /I 
Attitudinal traits 20, 27,28,58. 108 

Bath University, School of Education, 3 1 
Biology-based exercisers. 94 (table) c 
Board games 

-battlefield, 40. ^6 

- characteristics, 3-9-40 

- linear, 40. 43 

- matrix. 40 

• - two-dimensional, 40, 51 
Bonnie Prince Charlie- 18 
Bruce Oil Management Game. 19 
Business management training, 21, 21 

Campaign, 18 
, Card games, 30 

- characteristics, 35-6 
Case study 

-characteristics, 18 

- definition, 17 

Central HeatingGamc, 54-6,71*3 
Chelsea- Science Simulation Project, 80 
Chemistry-based exercises, 92-3 (tabic) 
Chemsyn. 26, 30, 37-S\ H7 
Chess, 16,18, 22, 40 
Circuitron, 26. 30, 40-3 
Classification of exercises. 1 5-19 
Club of Rome, 19 
Cluedo, 18 

Cognitive domain, skills. 20, 28, 35, 58, 

77,107,108 
Cognitive tests (evaluation), 120 
Communication skills. 20, 28,32, 6$, 

64, 65,67, 108 
Competition Among "The Metals, 30 
Competition 

- exercises used as basis of, 3 2 

- overt or latent, 16, 21 , 39, 48 
Compound, 30 

Computer-assisted leaning, 77 

- National Development Programme 
in Computer Assisted Learning 
(NDPCAL). 77 

Computer-based exercises, 30-1 

- 'laboratory* moc'e, 77, 7&85 



— 'manager* mode, 78, 86-7 

— 'tutor* mode, 77 

Computers in the Undergraduate Science 
Curriculum (CtjSC) Project, 
78, 82, 83 

Creative thought, powers of, 20 

Dead River, The, 31. 
Debriefing, 103 

Decision making skills, 20, 21,28, 29, 

32, 36, 51, 54,63, 67, 70, 77 
Development of an exercise 

— basic idea, 105-9" x 

— exploitation of exercise, 1 11*12 

— producing a viable package, 109-1 1 

— rationale, 105 
Divergent thought processes, 2(X 
DYE, 81-3 

Ecology, 31 

Educating through* science, 27-8, 
31-2, 56,61 

— suitable exercises, 95*6 (table) 
Element Cards, 30, 117 
Elements, 30 

Environment, 34, 59,61, 76 ' 
Equations, 19 
Evaluation, 41,60,63,87 
-debate, 115-16 

— development testing, 118 
-large scale, 118-20 

— of other pcople*s work, 117-18 
Evaluation techniques, statistical 

analysis of, 125 

Field testing, trials, 109 (fig), 110-1 1, 
1 18 

Fluoridation?, 19, 59-61, 121 
Format, 107, 107 (fig) 
Kormulon, 26, 30, 36-7 

Game 

— characteristics, 18 

— definition, 1 5 
Games used as case studies, 

characteristics, 30 
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Glasgow University, Science Education 

Group, 31 
Great Blood Race, The, 30, 43-6 

HABER, 80-1 
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Hydro power, 32, 73*6 
Hydropowcr 77, 32, 73 

Initiative, 20 

Institution of Electrical Engineers 

(I EE), 3f. 32 
Integration of structure and 

content. 36, 37, 40, 48 
Interaction, 21, 35 
Interpersonal skills, 21, 28. 32, 63. 

*67, 70, 108 
Interviews, 123 
Invasion (Microbes). 46-8 
Involvement, 21, 63 
Ionics, 3\) 

Jackdaw wallets, 18 

Lab Apparatus, 30 
Laboratory skills, 26-7, 30 
Library skills, 28. 65 
Likert scales, 121, 122 (fig) 
Link Trainer, 18 
Longman, 19. 26, 30. 39 
Lutlo, 40 

McMastcr University, 19 
Manual exercises 

- characteristics, 53 

- composite, 64-71 
-linear, 53*8 

- muUiprojcct. 71*6 

- radial, 58*64 
Mastermind, 19 
Microcomputer, 26, 78 
Microprocessor, 29 
Military training, 22 
Monopoly, 16, 18.40 
Motivation. 21. 35, 39.43, 48 
Multi*disciplinary exercises. 21, 29, 

31,71,73 

Non-cognitive skills, 20. 27, 28. 32. 

108, 116, 120 
Non-cognitive tests (evaluation), 120 
North of Scotland Hydroelectric 

De*rd(NStlEB), 32, 73 
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120-1 

Offshore Oil Board Game. 48-51 
OivScts. 19 
OPERON. 83-5 

Organizations, academic gaming and 

simulation, 113 
Othello, 18 



-'Peer teaching, 67 
Physics* based cxcrcbcs, 91 (table), 
Polywater. 26,65-6. 118 
Poppcrtan methodology, 106, 109, 
110,111 

Power for Klaskay, 19/21, 32. 67-8 
Power Station Game, The, 19, 29, 31, 

32. 68-71. 117 
Project Scotti, 32 
Properties and Substances, 30 
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118,123 
Psychomotor skills, 20, 28 
Publication (of cxcrcbcs), 1 1 2 
Publicity (of exercises), 1 12 
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Relevance, 20. 29, 63. 70 
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Satellite Motion. 78*80 
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Flow Through a Nozzle, 133 
Fluoridation?. 194 
Focus on Lead / 158 
Fbrmulon. 15V 

Free Fall with Air Resistance. 133 
From Visible to Invisible. 160 
*Gis Chromatography. 160 
Gaseous Diffusion. 133 
Geologic Time Chart Came. 195 
Gravitational Fields, 1 34 " 
Great Blood Race (The), 190 
HABER. 161 

Homogeneous Equilibrium. 161 
Human Energy Expenditure. 183 
Hydropower. 134 
INHERITANCE. 184 
INTER?. 135 

Invasion (Microbes). 184 fc *J 
tonics, 162 
Isotopes, 162 

Isdtopcs in Our lives, 162 1 

Keeping Warm. 136 
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